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FOREWORD

This book attempts to put into one volume country experiences and results of
studies on integrated tricommodity farming system in some /Z.sian countries, particularly
those of China (Taiwan), Korea, Thailand, Malaysia and Philippines.

The growing concern today to maximize production through optimum utilization of
resources has directed government efforts towards developing production systems and
strategies that would give the maximum returns to the farmer producer. With limited
possibility of expansion of land for cultivation in most Asian countries, the integration
of crop, livestock and fish appears to be a logical approach towards this end.

While this system of farming has been existing in the rural areas, the advantages
that can be derived from it have been widely recognized only recently, Undoubtedly,
rural families have benefited from the system in the form of either additional income
or better nutrition. To maximize the benefits that can be derived from tricommedity
integration, there is a need to look into the practices that farmers employ, some of which
may appear fundamentally unsound from experts’ standpoints, and from there evolve a
system that must fit into the farmer’s resources, capabilities and needs as well as the
socio-econonaic and agro-climatic conditions around him.

It was against this background that the Center sponsored the Symposium-workshop
on ‘Integrated crop-livestock-fish farming’ which was held at the PCARR Headquarters
in Los Banos, Laguna, Philippines on November 19—24, 1979. The articles contained in
this volume, which were presented at the symposium-workshop, give an overview of the
status of existing integrated farming systems in Asia and cover a discussion of the various
concerns involved in the system. By putting all the papers together in a book form,
we believe that the scattered information that has been generated in the various parts
of the region will better serve the purpose of providing the much needed information
on this emerging technology.

We would like to thank our co-sponsors, the Philippine Council for Agricultuve and
Resources Research (PCARR), Southeast Asian Regional Center for Graduate Study and
Training in Agriculture (SEARCA), and the SEAFDEC-Asian Institute of Aquaculture,
for the very valuable support and help that they provided in the arrangements and im-
plementation of the symposium-workshop.

CARSON KUNG-HSIEN WU
Director, FFTC
May 1980



PREFACE

Tricommodity integration has been successfully demonstrated in the Republic of
China, Malaysia, Thailand and several other countries in the region, Taken as a single
unified farming enterprise composed uf three complementary commodities, resource
management and the interrelated technologies required by the system become more
complex than a one-commodity farming system.

Waste recycling, the key feature of the system, provides for optimun. utilization of
resources and offers a three-point advantage over the other systems: it does not only
increase farm incomes but also ¢bntrol pollution, enhance and conserve other resources
that would otherwise be used for the same purposes.

Integrated farming systems are in various stuges of development in the region, With
most practices still traditional in nature and without much scientific basis, the focus
in most Asian countries has been on appHBed research that would make the system an
economically viable enterprise for the farmer with a smali land base and surplus labor,

The papers included in this volume indicate the complexity of integrated crop-
livestock-fish farming and point to the need to evolve systems that are location- and
situation-specific. The country case reports (i.e., Taiwan, Korea, Japan) also bring out
the significance of farmer’s associations and government support services in the successful
operation of the enterprise, From the discussions and papers presented during the
symposium-workshop, several important issues have emerged:

— Analysis of the nature, availability and distribution of the environmental and
socio-economic resources is essential in determining the most beneficial cropping pattern
or farm enterprises to be pursued in a given situation.

— While multicommodity farming may offer more advantages than monocropping
systems, the introduction of more commodities will require new management skills
and give rise to less uniform recommendations. Thus, the technologies must be verified
at the farm level in specific locations and situations under various agro-climatic zones.

— The development of a Systematic cooperative marketing scheme through the
farmer’s associations should be a major concern of any project. The organization of
farmer’s associations could overcome the limitations to wide adoption of integrated
farming. In small-scale individual operations, complementation among the commodities
is possible, but as farm enterprises become more diversified and larger in scale, the rela-
tionships tend to be competitive,

— There is definitely a need for more applied research to verify existing practices
for technology packaging and dissemination and for extension work oriented towards



the small farmer.

— There is a need for training of farmers as well as rural women on integrated
farming system to prepare them to receive the new technology and the management
skills that go with it; similarly, a training for government officials and extension workers
is needed to reorient them towards an integrated approach of providing services to small
farmers.

We have also included in this volume the pre-feasibility project studies devcloped
by the participants for each integrated farming with either crop, livestock or fish as
the principal commodity. Some basic assumptions were made since the groups were
confronted with the difficulty of making specific recommendations considering the
complexities of variables involved. Several important comments were brought out
during the presentation of these studies by the groups, but because of limited time, these
comments and other changes have not been incorporated in the original outputs. Never-
theless, we hope that these pre-feasibility studies would serve as a guideline to those who
would have opportunities to go into integrated farming and would need to develop
project proposals to operationalize the system and show its economic viability.

A word of appreciation is due to all the participants who have taken time to write
on the topics assigned to them and have actively participated in the discussions. As a
space consideration, most of the papers presented have had to be condensed. Special
thanks are due to Dr. Elvira O. Ten, Director, Fisheries Division of PCARR, and her
staff for taking care of the local arrangements before and during the seminar-workshop,
to the Secretariat for patiently documenting and summarizing the discussions for each
day, to Ignacio Pagsuberon of PCARR’s Applied Communication Division for preliminary
editing of the papers, and many others who shared their time, talent and expertise.

ASPAC-FFTC Milagros H. Tetangco
May 1980 Editor
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‘ lIMPERATIVES FOR AN INTEGRATED
CROP-LIVESTOCK-FISH FARMING SYSTEM [\

1
‘."

by

Joseph CLMadamba

INTRODUCTION

A multi-commodity farming system presents mors advantages to farmers than a mono-cropping
system. However, the commodity mix must fit into the particular farmer's capability, resources, and
needs as well as the social, economic and environmental forces around him.

while a crop-livestock-fish farming system appears tc be, 2~ indeed is a very attractive innovation,
its management is not going to be as easy as it looks. It i . .. a mere addition of one or two more
commodities to the farmer's existing crop but an entirely new farming system which requires a new set
of technological introductions and management skills, Also, as you increase the number of commodities
you will find that you are decreasing the latitude for uniformity of recommendations.

We must recognize that in the Asian sotting, most farmers rarely operate a onecommodity farming
system. In this, they are well ahead of us. And the fact that they have survived shows that they have
fairly well managed a multicommodity -farming system, however ‘primitive and unprofitable from
experts’ standpoints their way of doing it may be.

Our three-fold task therefore is simply to “ind ways to improve on the system, to develop accept-
able and appropriate tricommodity farming systems for areas and farms that do not yet, but have the
capability to, put into application this kind of enterpriss, and to find ways to promote this system of
farming,

Some Previous Findings and Recommendations

An expert group meeting convened by FAO in Bangkok in June 1976 discussed several case
studies on crop-livestock integration at the <mall farm level’ .

Some of their findings include the following:
1. A need to reorient programs and policies biased towards the small farmers.

2. Failures in development traced to inappropriate policy— for instance, pursuance of mono-
culture or sing's activity approach; inapprtpriate borrowed technology to suit large scale or commercial
production without any consideraticn for local potentials; inadequate knoviledge for axploiting local
resources among the technicians and neglect of indigenous knowledge an(. _:puts; adaptation of tech-
nology that would create almost permanent dependency on industrislized countries; institutional defi-
ciancies specially land institutions; and lack of suitable support service and failure to understand human
resources as a major form of capital available in agriculture,



3. Crop-livestock integration is the most effective ang possible way to help the smaj farmer
who has a smal landbase byt surplus labor,

Secondly, a cropping pattern and livestock integration plan should be worked out in consultation
with the farmer who has to implement the plan.

IN.TEGRATED-CROP-LIVESTOCK-FISH FARMING SYSTEM AS A
TECHNOLOGY PACKAGE

MclInerney?® gjyes three criteria for an innovative Project to be successfy]: a) it must generate
economic effects sufficient to justify its adoption in terms of what he calls the conventional apprajsal
caleulus; b) jt must create social and distributive effects consistent with the rural davelopment strategy;
and c¢) it mugt promise a continuing development effect which sustains change in a desired direction

throughoyt the rura) system,



in a development project. This is basad on the fact that innovation represents the introduction of novel
inputs and methods into the farming system, therefore, a project may be ineffective or even dangerous in
the absence of appropriate knowledge, or even in an incomplete form. Finally, it is deemed essential
that newly introduced technology must have a high probability of technical success at its first trial, and
must be perceived to offer reliability. This is certairly necessary to protect the welfare of the innovating
farmer and to serve as an effective demonstration to encourage adoption and continued use.

THE EVOLUTION, TRANSFER, AND MANAGEMENT OF TECHNOLOGY PACKAGES
FOR A TRI-COMMODITY FARMING SYSTEM

From these observations, recommendations, and expert opinions, one essential consideration
seems to stand out: technology that should finally be promoted for adoption must itself be evolved from
tho farms with the participation of the farmers themselves. This would take care of the requirements of
location and situation specificity; its having to be shaped by the existing socio-economic conditions
and farmer’s attitudes; and its being simple enough and tailored to fit the management environment and
resources of the farmer. A mechanism is therefore needed to institutionalize and coordinate among our
countries or within national systems the evolution and transfer of appropriate integrated tri-commodity
farming systems for different rural situations. This calls for a concept and a machinery to integrate
the technology with the general scheme and mainstream of area development activities now going on
in various countries,

Resource Management Concept

It is suggested that we look at the integrated farming system in terms of an industry model. In
this respect, we are borrowing from a model which has been developed for the aquaculture industry.
Designed as an industry development support scheme, the model consists of threa components, namely:
the production support component, production component, and marketing component. Treated in
the context of an indusiry system, the production support and the marketing subsystems are the macro
components while the production subsystem— which in the model consists of the various individual
inteqrated farming system enterorises— is considered and treated as the micro-component (Figure 1).
The macro-components consider the various elements in the production support and marketing systems,
while the micro-component considers the process by which production may be increased effectively and
more profitably.

Seed/stock sources Marketing
Credit Processing
Infrastructure Production Storage
Technology > Units ——>>| Post-harvest
Other production handling
inputs Others

Support Production Marketing

(Macro-component) (Micro-componant) (Macro-component)

Production support includes the delivery and provision of production inputs like seed or stock,
feods. fertilizers, credit, the technology component and relevant informazion about it, and the industry
infrastructure. The production units are essentially composed of the farmers themselves who would
have to be organized into associations or cooperatives, The third subsystem includes the post-harvest



handling and treatmant, marketing, processing, storage and distribution of the outputs. This component
would enable the producers to take optimum advantage of market opportunities,

While the scheme could be worked out at the village level, it can very well be translated and
operationalized into a wider area development project. It would need an integrated approach to the
development of the tricommodity-based farming systems. Such an intégration will be workad out by
the various institutions that provide the different Support services as identified in the modal's two
macrocomponant systems, i.e. extengion, research and development, markets, farm suppiiers, banks
and lending institutions etc,

A mechanism to link the production units back to the production support system and forward
to the marketing system would have to be forged for an integrated area approach to integrated farming
systems developmen:. The nature and function of such linking and integrative mechanisms must consid-

of three complementary commodities. While it sounds easy to put this into a conceptual form, the
possibility arises for integration to be doubly complicated by the competition among the three commod-
ity components for resources, both within a single enterprise and, more especially, among tri-commodity
farmers in a given area, This problem will have to be partially resolved by thorough uconomic studies

This.would necessarily involve the sr.iting up of technology verification and packaging programs
as an integral part of the development aspect of the tricommodity farming technology. We must
remember that in testing the effectiveness and appropriateness of a multi-commodity farming system,
one must test the individual commodities that comgpose the system not in isolation but in combination,
A pilot project can in fact include the technology verification function.

to where tho tests had been conducted. As I said at the start, the more commodities there are for a
farming system, the less uniform will be your recommendations, Location-specific and situation-specific
technology verification studies can take care of the differences, Technology verification in the context
of pilot program would not only provide the technology package but would also, to a large extent,
test out various collaborative mechanismsg among the service and support institutions. One of the
biggest conflicts I can foresee will occur among these institutions especially if policies are non-existent
Or vague on the aspect of coordination. As it is, some programs provide emphasis and, therefore, more
support for cer'ain commodities, It will have to be emphasized to both policy makers and service
institutions tha' we are dealing with an integrated farming system, not with individual commodities
that happened 1o be mixed together,

For specific activities and support serv.ces, the same expert group meeting convened in Bangkok
forwarded the following recommendations:

For management, they agreed that xmall farmers and agricultural laborers find new technologies

and management practices alien to their needs and understanding. For this, they recommend the devel-
opment and promotion of simple and low-cost management practices,

problems and prospects of gmall farm producers. It was suggested that training programs should be
cunducted in the village and in farmers’ household areas. Further, the training for small farmers to

. 4.



Again, extenzion services should be provided in an integrated manner as 3 package to avoid con.
fusion due to multiplicity of extension agents,

THE TRI-COMMODITY FARM BUSINESS

A very simple but appropriate mode! has been drawn by Dr. A, T. Mosher* to help us take a
closer look at an integrated farming system as a business, The farm business, says Mosher, is really a
combination of farm enterprises whick 1) support each other, 2) distribute labor requirements, and
3) jointly determine farm income,

Mosher reminds us that the farmer cannot simply select individual enterprises for his farm business
without considering them in relation to one another, These enterprises are full of ‘joint products’ and
‘joint costs’ (i.e. a cereal crop also produces straw for feeding livestock; manure from livestock may be
used to fertilize cropland, etc.), which would then preclude the separation, both in the accounting
sense and in the research and develcpiicnt sense, of the énterprises that compose the farm business,
According to Mosher, each farmer would try to work out the best combinaticn of crop, livestock, and
fish enterprises for his own farm business, considering the land, labor, and other resources available to
him. Similarly, so would research and development, Particularly the aspect of technology verification,

On the other hand, Mosher adds that if the farm family consumes most of the products of its
own famm, its need for the food in its customary diet and for other products of the farm will be the
major factor in its choice of farm enterprises, And, to the extent that products are grown for sale, the
choice of enterprises will be influenced by the accessibility of markets for different products and by
their relative market prices. Finally, a farmers’ opportunity for off-farm employment may also influence
how he uses his farm and what enterprises he chooses,

but by sociological factors, It would be necessary therefore to find out what product mix would best
satisfy the farmar's socio-ecoromic requirements, This would of course, be in addition to what would
be technically feasible and offer a greater advantage for the farm family. However, while it may be
attractive and’ quite economically logical to think of Costs and returns, we may run against a wall of
resistance if we insist right away in promoting a tricommodity system where one or two of the product
fnix do not fit into the farmer’s productjon activity patterns. This is where one needs a program to
mtrgduce into a locality the technology package with a provision to graduglly prapare the farmers to
feceive such technology, For, while technology must be tailored to the needs and conditions of the

-5.



intended adoptors, the conditions and receiving capacity of such adoptors can. also be modified to
an extent that the technological package can fit well into the overall socio-economic and technical
environment,

A well-designed farmers’ training program which is closely tied in with a strong communications
as well as extension-support system could effectively provide an atmosphere for technology reception
and thereafter sustain its adoption,

Linkages

To keep the production units in business, a strong linking mechanism to the various institutions
serving them is necessary. The linkage should allow not only for the delivery of services Lut for the
constant monitoring of the requirements, activities and reactions of the various production units,

by inputs supplied from outside the system. For most small Asian farmers, such inputs are not cheap

and easy to obtain. To keep them viable we -must lock into the provision of these needed inputs in
the proper amount, timing, and at reasonable costs.

Farmers’ Organizations

Technology packages introduced into a development program stand a greater chance of acceptance
and establishment if the community were to be involved in the development of the package, and the
design and implementation of the program, This is one of the important recommendations in the

eéxpert group meeting in Bangkok on crop-livestock integration, The Comilla District experience on an

tion than officials who represent and are responsible to a remote authority. Generally, a strong farmer's
association would enhance, first of all, their bargaining position ard, of equal importance, would enabje
the farmers to take advantage of the market opportunities. As Dr. Librero? pointed out in a study
of the Philippines’ aquaculture industry, the gmall farmers are mostly the victims of the vagaries of
the market becauge they lack withholding Power, which means the ability of producers to restraj;:
productivity in the market when prices are unfavorable,

responsibility for the proper utilization and repayment of loans. Information delivery and training
schemes would be, of course, enhanced if they involved an organized group with common problems,
interests, and needs. The final reason is that these organizaticns are going to provide the management
inputs for the production units in an integrated industry developinent scheme as described in the model,



SUMMARY

The need to utilize more efficiently available farm resources has led to the increased attention
towards farming systems that integrate more than one commodity. The tri-commodity (crop-livestock-
fish) farming system is the latest thrust among the integrated farming concepts and holds a great deal of
promise for the small Asian farmer.

For successful implementation of this practice in the rural Asian setting, the following require-
ments ate needed, aside from having a good and proven technological package:

1. The techr}ology for this farming system must be verified at the farm level in specific locations
and situations under various agro-climatic zones;

2. While the technology package must be tailored to the farmers, the situations and conditions
at the farmer’s level may have to be also modified where appropriate to enhance the reception and
application of the technology;

3. Integrated tricommodity farms could best operate if they were placed into the mainstream
of area development. To do this effectively would need an approach designed to bring the small farming
units into a scheme in which they are an integral part of the agricultural industry of an area. In such
a way, efforts are organized and coordinated among the various institutions to provide the needed
support services for production and marketing; and

4. Finally, to provide a strong base for the apo!.ation of the integrated farming system tech-
nology, farmers must be organized into strong production units and be provided, through effective
training and extension programs, with a capability to fully utilize the technology as well as manage
the program.
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.- \' " RESOURCE UTILIZATION IN INTEGRA .u FARMING SYSTEM
¢ ~ WITH CROPS AS THE MAJOR ENTERPRISE - -

by
Diosdado A. "_Carandang

INTRODUCTION

Researchers on specific crops do not usually consider the resources until the crops are tested in farmers
fields. Researchers on farming System, however, demand that the resources of the farmers be given
major emphasis so that the technology can be accepted. Thus, resource utilization should be considered
together with the technology in arriving at an improved farming system (Fig. 1),

Farm resources

~——Ehysical __Socio-economic

Land Light Water Markets Labor Power Cash

Integration through
8ystems technology

= Alternative cropping
patterns

CI'OP& Tillage Fertility Weed man- Insect man- Disease Interplant ~ water manage-
Vaniety agement  agement management relations ment

Production technology

Fig. 1, Conceptuai outline of the cropping systems approach



The various resources available to . . crop-oriented farming systems are not, nor should they be
set atide for crop production only. The various resources should be ut*~d for the cropping pattern
or farm enterprise which will provide the maximum benefits or return to resources. If the resources
would previde better return through fish production, it would be unwise to use it for rice'preduction.
The risk factor should also be considered because small-scale farmers are the ones who carmot afford
to take too much risk,

RESOURCES AVAILABLE

The resources can be divided into physical or natural and socio-economic resources,

‘Physical or Natural Resources

Land- Each farm unit has a certain amount of land of a given topography, soil physical and
chemical characteristics. The utilization of this land resource-ie-however, dependent on the other
resources. ‘The topography influences the water availability and would therefore affect the particular
cropping pattern to be used, If the land is dependent on rain, then the topographic feature will deter-
mine the cropping pattern and ultimately the intensity of land use. We can visualize four positions
in the slope as shown in Fig. 2. They are: high interior bund, high side bund, intermediate bund and
low bund. Let me just expound on two of them.

High interior bund would be a paddy with no outflow or inflow. Heavy rains can infiltrate or
runoff, resulting in waterlogging. These paddies cannot be recommended for early upland crops but
it cannot accumulate enough water for early land preparation. The most intensive pattern would be
a dry-seeded rice-wat seeded rice-sorghum. At the lower bund, there is inflow but no outflow. This
paddy would be used exclusively for rice with an upland croo at the beginning of the dry season.

Water— Water is an important resource such that, we usually classify our land into a rainfed or
irrigaiad land. At present, irrigated areas are intensively cultivated to lowland rice. The intensity of
cropping maybe two or possibly three crops per-year although irrigated land is generally used for two
crops. In rainfed areas, generally the lowland rice is followed by an upland crop. This practice depends
on the monthly distribution and pattern as shown in Figs. 3 and 4. Where the monthly rainfall reaches
200 mm lowland rice can be planted either through dry-seeding or transplanting. One or two crops
of lowland rice is possible depending on the number of months of rainfall. Two or three crops of
upland crops including upland rice can be planted if the monthly rainfall is less than 200 mm or about
100 mm, The intensity of land use therefore is dependent on the number of rainy months and the
amount of monthly rainfall,

High interior High side bund

¢ Intermediate buod

Low bund

/

Fig. 2. Four positions in the slope



Rapid Sequencing of Crops, relay planting and intercropping may be used for maximum utilization
of sunligkt, Intercropping cal. increase light interception by as much as 30-40%. In coconut areas,

In this instance, intercropping with annuals or éven perennial crops would increase the utilization of
both land apd sunlight, While Sequence crcpp! g should improve the utilization of both land, water
and sunlight, land Preparation or turp around time can seriously affect the timing especially wken the
sequence involves lowland rice-upland crop,

Socio-Economic Resources

Crops/cropplng pattern Man-days/ha.
Sweet potato/corn 1129
G. corn-cowpea 314
Peanut 111.7
Soybean:

TK-5 57.9

Multi-var-go 39.1
Mungbean 92.4
Cowpeaa (green) 1929
Sorghum (main crop) 67.7
Ratoon 30.7
Corn 30—42

.10 .
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Fig. 5. The average labor requirements of each test crop, Batangas, late wet season, 1974—75,

Cash or credit— One o the reasons rice farmers in the Philippines are better off today is availability
of credit. Where intensive cropping is practiced, inputs such as seeds, fertilizers, chemicals and othe
farm operations will need cash., For many small scale farmers, credit is the only way to get the inputs
The amount needed and the length of time that credit is needed will depend on the farming system:
used. Tree planting will of course require the longest and possibly the highest credit. In a study of
six irrigated cropping patterns discussed earlier the credit requirement varied cesulting in different
costs of credit (Table 2). Another study in farmers’ field in Batangas (Fig. 7) confirmed this. The cast
requirement varied from # 300 to about ® 800. Thus. the farmers’ decision will be greatly influenced
by cash requirement and availability,

Table 2. Cost of credit for six irrigated cropping systems?

System Amount norrowed (P/ha) Weelks borrowed Cost (P/ha}
A 640 10 16
8 1580 27 107
c 1560 16 62
o) 550 14 19
E 560 23 32
F 1800 23 103

“_;;"“:“"z tutal amount of eredit needed is borrowed at beginning of scason paying 13% interest per annum.
SLIRE
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Fig. 6. Total and peak labor re
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Fig. 7. Total cash costs per hectare of each test crop, Batangas, late wet season, 1974—75,

Power source— The power that a small scale farmer has may determine the type of cropping
pattern to use and the intensity of land use. A common question is whether to use small tractor or to use
draft animal. The type of cropping system most efficient in a hand operation may not be particularly
well suited to animal power or an animal-oriented pattern may not be suited to small hand tractors. In
Indonesia for instance, extensive intercropping has been attributed to lack of farm power in the area.
On the other hand, Bradfield has shown that an intensive cropping is possible if a hand tractor is used
which otherwise may not be possible if only hand or carabao is available as a power source.

Banta’ compared the power sources, i.e.,, man, carabao and hand tractor aud his results dem-
onstrated that the carabao and in certain instances, the hand labor is econnomically competitive with
the nand tractor even in systems designed for the hand tractor. However, the time element makes it
unrealistic (Fig. 8). Where only three men will work, additional two months are nesded to complete
the pattern. Mechanization tends to smooth out the peak of seasonal demands for labor permitting a
greater degree of intensification and more rapid turn around.

Markets— Famm produce can be either eaten by the farmer or sold in the market. Usually, the
farmers “fould have a certain level of consumption, hence they can easily plan for this The greatest risk,
howaver, is the market uncertzinty. As cropping intensity increases, the produce would be increasing and
therefors the amount available for the market would increase (Fig. 9). Any farming system therefore

m "“c‘:”d. orly if marker .an absorb the produce, otherwise prices will go down and the farmers
will be losing.
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Fig. 8. Time requirement of a cropping patlorn with three power sources.
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Fig. 9. Distribution of the produce in a 2-ha subsistence farm

CONCLUSION

In a cropping system, the amount of by-products can be as high or higher than the marketable
produce (Table 3). This may go to waste if not utilized in an animal enterprise,

Finally, I would like to present an integrated farming system suggested by Dr. Bradfjeld, The
area is 2.5 ha to be divided into different lotz as shown in Fig. 10, The cropping calendar and area
distribution and expected yields ara shown in Table 4. The othsr resources required are not, however,

Digestible protein Non-protein digestible nutrient
System
Amount (kg/ha) Marketable (%) Amount (kg/ha) Marketable (%)
A 920 29 14,900 39
8 670 64 6,600 47
c 1,260 40 11,800 38
D 720 29 6,700 32
E 810 63 17,000 24
F 770 61 10,200 37

<17 .



~— 250 m —
\ Field No.
1 2 3 4 5 6 7 8 9 10
H F
\Y P
I
B P
R R
Block A Block B
Fig. 10a. Layout for a 2.5-hectare multiple cropping farm (H = house lot, F = fruit garden,
V= vegetable, B = barn, P = pasture, R = reservoir),
Jdun 0 A g O N D J F M A M Jun g A §
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Rice 1 Soys-mature Soysgreon
! Sweet potato Sweet corn Rice 2
P P K p H 4P p H Py
Rice 1 weet corn Soys-green
2 Soys-mature Sweet potato Rice 2
p P H p }
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3 [Sweeat com, Soys-mature Rice 2
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P H H P P H H ;F; F
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Fig. 10b. Annual sequence of crops on four fields showing intercropping.
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Table 4. Estimated annual production from-a well-managed 2.5-hectare irrigated farm
‘in the fropics under intensive multipie cropping

Layout of farm Area
Homaesite w/ith fruit trees 0.10 ha
Family vegetable garden 0.10 ha
Pasture 0.30 ha
For diversified crop rotations

8 x 1/4 ha fields 2.00 ha
Total 2.50 ha

ANNUAL CROP ROTATIONS

Rotation June 1—Sept. 15 Sept. 16—Nov. 30 Dec. 1—Feb. 15 Feb. 16—Apr.30 May 1—June 30

\ Rice Sweet potato Soybeans-M Sweet corn Soybeans-G.
i1 Rice Soybeans-G. Swast corn Sweet potato Early sweet
‘corn
" Rice Sweet corn Sweet potato Soybeans-M Cabbage
v Rice Sorghum-1 Sorghum-2 Sorghum-3 -
SUMMARY BY CROPS
Crop Flalds (no4yr) Area (ha/yr) Yield (t/ha) Total production
Rice 4x2=8 2.0 40 8.0
Sweet potato 3x2=6 1.5 20,0 30.0
Sweet corn 4x2=8 20 35,000 (ears) 70,000 (ears)
Sorghum 3x2=6 15 6.0 9.0
Soybeans-Gr, 2x2=4 1.0 6.0 6.0
Soybeans-M, 2x2=4 1.0 2.5 25
Cabbage lx2=2 0.5 25,0 12,5
Total 38 9.5
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DEFINITIONS

Multiple cropping terminology has become extremely garbled. The foliowing word usage .
adopted.

Multiple cropping~ the growing of more than one crop on the same land in one year.

Mixed cropping— two or more Crops grown simultaneously and intermingled; no row arrangem
(Ruthenberg, 1971),

Intercropping~ two or more crops grown simultaneously in alternate rows in the same ar
(Ruthenberyg, 1971),

Relay planting— the maturing annual crop interplanted with seedlings or seeds of the followi
crop (Ruthenberg, 1971),

Cropping pattern— the yearly sequence and spatial arrangement of crops or of crops and fallo
on a given area.

Cropping system— the cropping patterns utilized on a given farm and their interaction with fan
resources and the available technology which determine their makeup.
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DISCUSSION

Did the study consider the amount of waste (corn stalk etc.) produced by the farmers?
A. About 50% of local produce will be by-products such as stover and straw.

Comment: In labor distributicn in the farm, the amount of labor spent in the family such as household
activities should also be included.

Comment: On lowland where there is water inflow and no outflow, fish raising can be tried. During
monsoon, there is sufficient rainfall enough for the second crop period, which is most suitable for
fish pond. In this case in Taiwan, the 1st crop is rice and the 2nd crop is normally fish. The fish
are kept in the ditch in the paddy; the rice stra‘w left over after the 1st crop of rice becomes fish

food.

Comment: There is a need to pay more attention to the market as a component that can trigger or not
trigger cropping system. An existing project encourages to solve some constraints at the beginning
(early rainy season or tail-end of rainy season) by calling it constraints graphing (i.e., erratic tain
at the beginning). This may avoid bringing products to the market all at the same time and within
the same time span. More and more, we should address ourselves to the constraints graphing under
the general umbrella of marketing cropping systems.

Comment: In Japan, cooperative use of labor is one strategy used by farmers to overcome constraint
of labor (i.e., nursery beds)

Carandang: In some areas in the Philippines, relay cropping is used to get away from too much labor
requirement; another is the use of simple implements.
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INTEGRATED FARMING WITH FISH AS MAJOR ENTERPRISE

by

Catalino R. dela Cruz

INTRODUCTION

Integration of any two or three-commodities involvinq@_sh, crops and livestock/has been practice
for centuries in limijteq scale. Numerous reports (Ref, 1 to 15) indicate the signi icant benefits tha
are derived in integrated Systems in addition to increased production and availability of protein. Th

hand, pond water may be used by animals for drinking or body conditioning and cleaning the sheds,
Fowls may also derive some of their food from the ponds, '

Integration also increases the Operational efficiency of the farm through.better use of manpower
and combined use of fead Storage, processing and transport facilities,

When is fish production considered as the major enterprise in an integrated system? a number
of conditions would roughly justify fish ag the major enterprise: 1) when fish contributes the greatest
Production or profit in the System; 2) when fishponds exist ahead of the commodities that are to be

added any adopted into the system; 3) when the area is most suitable for fish production such as swamp-

It is estimated that about 425,000 ha of Ponds and other aquaculture facilities exis: ", coastal
areas of the South China Sea countries. The potential may be 2.5 million hectares or more! ¢, n the


http:livto.as

REVIEW AND ANALYSIS OF INTEGRATED SYSTEMS

Fish Integration with Agricultural Crops. The production of fish in ricefields has been
practiced in Southeast Asia for centuries’ *!?*¢ with improvements and modifications being introduced
at prmm‘ . The extent of the area covered by irrigated ricefields in some Asian countries is vast (Table
1). The leading countries that are taking advantage of the importance of this resource, as far as fish sup-
ply is concerned, are Indonesia, Thailand, Malaysia, Japan, India, Vietnam and Hongkong. Philippines is
‘just beginning its rice-fish culture program.

Table 1, Estimates of the total area of irriqated ricefields and those with
fish culture in some Asian countries’

Total irrigated Area with
Country ricefields rice-fish culture Source
(hectares) (hectares)

Cambodia 1,400,000 - Hora & Pillay, 1962
Hongkong 8,080,000 200 Hora & Pillay, 1962
India 5,762,792 1,619
Indonesia 4,500,000 90,492 + 4,000,000* Ardinawata, 1957
Japan 2,991,100 3,380 Hora & Pillay, 1962; Nambian, 1970
Malaysia 332,060 45,500 Hora & Pillay, 1962
Philippines 1,400,000 - Mears et al., 1974
Sri Lanka 350,000 - Boonbrahm, 1972
Thailand 4,000,000 200,000 FAO
Vietnam 4,067,990 1,550 Hora & Pillay, 1962

* 90.492 hectares under cultural system and 4,000,000 hectares under captural system,

Two schemes of fish culture in paddy fields are practised— the combined fish and rice culture
in one area and the rotational cropping of rice and fish. A number of more appropriate agricultural
crops in either of these basic schemes have been introduced®. Terrestrial crope such as beans, onions,
Brassica spp. svreet potato, etc. are grown in paddy dikes while aquatic crops such as kangko:3 (Ipomoea
aquatica), taro (Colocasia spp.), etc. are grown in water.

The recommended species for this system is common carp (Cyprinus-carpio) and tilapia species! .
Production figures for these species in some countries under different systems and management input
are given in Table 2,

‘ In the above scheme of producing fish, the combined rice-fish culture together with other crops,
consider crops as the major enterprise. The rotational cropping of rice and fish is the scheme that would
Q‘h:‘ ‘h; considered criteria of having fish as a major enterprise. In a regular rice and fish rotation
e c‘: bean O:Ig:jnal riceland area is sefeded with fish .instead of rice, it is expected that the income from
* farm equ or exceedeq by thfz Income from fish. Simudarly, the conversion of a larger portion of

area into fish production units would show a shift of emphasis from agricultural crops to fish
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production. This was what happened when most of Taiwan's integrated fish farms were corverted fron
rice paddies into aquaculture production units?.

Table 2, Productivity of fish culture in padi fields under the cultural system?*1+4

Country Main fish species I:'F:zrzf Average yield, kg/ha
Indonesia C. carpio F 150/4—6 months
C. carpio RF 75—100/3—4 months
Japan C. carpio RF 100—200/year
C. carpio RF* 700—1100/year
to 1100—1800/year
Thalland C. carpio F 80—160/3—6 months
C. carpio RF 10—20/3—4 months
C. carpio RF* 210—250/6 months
Vietnam C. ¢rpio F/RF 50—130/10 months
Philippinas Tilapiu nilotica F As high as 245/3 months
Tilapia spp. RF 100—200/3—4 months
Tilapia nilotica F* 500—690/4 months
Tilapia spp. and C, carpio RF As high as 290/3—4 months
"F  — alternate culture of fish and rice
F*  — alternate culture of fish and rice with supplementary feeding
RF  — simultancous culrure of rice and fish

RF* - simultaneous culture of rice and fish with supplementary feeding

Analysis of the additional net profit obtainable from fish in combined rice-fish culture shows
that it may vary from $60 to $90 per cropping under Philippine condition®. Cost and return analysis
showed that income from rice with fish produced in an area originally planted with rice indicated pro-
mising results in favor of fish, Consideration of other benefits derived from rotational cropping of
rice and fish will make the system more attractive to farmers. '

Fish-animal Integration. Available information shows that most of the integrated farm
under this category have fish as the major enterprise. The spaces utilized by the animals confined in
pens were very smail, varying from negligible to less than 10%. The sheds or pens, depending on the
kind of animals may be constructed alongside of ponds or directly above the pondwater. The animals
in the pen may also be put in one roof such as a chicken cage constructed above the pig space”.
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With the exception of the fish-pig farm in India (Table 4) and the fish-duck combination in Hong-
xong, India, Indonesia and Nepal (Table 5), the other integrated systems have profit margin favoring
the l’an di animal compcnent. However, to realize these profits, high investment is necessary,

Although the profit from fish is lower in most of the systems, the benefit-cost ratios have largely
favored it. In all cases studied, the manager.xe'nt input for fish production component is minimal, with
only cost of fry and labor comprising production cost. The low production cost is attritutable to the
animal manure that provided fertilizer or feed to the fishes. Unfortunatley, all case studies did not
quantify the amount of animal manure that went into the system and its equivalent money value.

The importance of animal manure in increasing fish yield has long been known in China. It was
reported that the manure produced by 20-30 pigs in a year could produte the same results as one ton
of ammonium sulfate applied to the soil”. Pig-fish farming is, therefore, widely practiced in China,
not only to produce their meat requirement but also to supply manure to the pond. Table 3 shows
the high production of fish obtained in manured ponds.

Compared with fishcrop integration, the yield and income derived from fish-livastock-fowl com-
bination is much higher. Fish production combined with animal production averaged 6.22 tons per
hectare/year, compared to crops which is 1,317,

Fish-animal-crops Integration.  This kind of integration is merely putting the three com-
modities together. When fish is the major enterprise, it would mean putting them separately adjacent
to each other in one farm unit or the animal may just use a space above the pond water while the plants
are grown on top of dikes and slope of ditches. Roughly the arez occupied by dikes and ditches in &
pond system is as much as 20% of total area.

The managemen. techniques for these combination need maodification in order to adjust to the
requirements of the new addition (crops and livestock) to the system. As an example: in the case of
fizn-pig-vegetables combination with the latter two as additions, the number of pigs must be able to
supply adequately the manure requirements of the fish and vegetables. Another alternative in the
management, however, is for tl.e vegetables to exist independently and just occupy the space available
in the fishpond dikes. Further still, the vegetables aside from being a human food, m 1y also be fed
to pigs and fish. A second example is the fish-goat-vegetables combination. In this cow bination, goat
would serve as biological control for grasses growing on dikes. With the addition of vegetable for human
food the grazing area of goat will be reduced, hence its number will correspondingly decrease to match
the availability of grasses.

With the above examples the threecommodity system, just like the two-commodity system, needs
proper balance to be efficient. Even the design of the fishponds and water system need modifications
in order to make it function in truly integrated way.

PROSPECTS, NEEDS AND PROBLEMS

Thf vast developed irrigated ricelands, existing fishponds and swamplands offer great potential
to which integration of fish-rice and livestock.fish may be done without requiring much additional space.
e pz:uz:iop:stfxcides thre.atex? the combi.ned culture of rice and fish. This problem causes a decline in
country which h "°’:‘h paddies in some Asian cquntries. Tan and Khoo® reported that Indonesia, the
whach arg 2 liedas e largest area de'vc.ated to rice-fish production, uses two million kg of insecticides

Pplied to more than one million hectares of ricefields annually. Although some advances had
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been achieved ¢n sslecting the kind of che
risk is still present when practiced in wid

adjacent areas -vizh do not practice it.

Table 3. Pr

s

mical to use and its proper application in rice-fish culture!
e scale because of the danger of pesticide contamination f;

oduction data in different types of fish-animai Integration in some countries

ta

|

Country

Type of integ./area

Productian/period

Source

Hongkong

Hongkong

Hungary

India

India

Talwan

Thalland

Thalland

Vietnam

Fish-duck/ha

Fish-duck/ha

Fish-duck/ha

Fish-pig/ha

Fish-duck/ha

Fish-pig/ha

Fish-pig-poultry/
0.25 ha

Fish-pig/ha

Fish-duck/ha

2,750—5,640 kg/ha fish;
ducks stocked at 2,500
to 3,500/ha/yr yielding
5—6 tons/ha duck meat

3,472 kg fish stocked

from 1,250—12,090 with
duck stocked at 500—2,000,
yielding 7,389 kg

500—800 kg/ha carps in 150
days with 300 to 500 ducks

7,300 kg/hatyr fish
stocked at 8,500/ha with
130 pigs yielding 1,096 kg

4,232 kg/ha/yr tish
stocked at 6,340/ha with
100 ducks yielding 250 kg
meat and 1,835 eggs

7,371 kg tish stocked at
35,500/ha with 210 pigs

4,000 kg Pangasius spp.
8,000 kg pig and 15,330
chicken eggs

2,000—5,000 kg/ha/6 mos,,
tilapia stocked at 25,000
to 30,000/ha;

pig stocked at 60/ha

5,900 kg/ha/yr
fish with ducks at
1,000—2,000/ha

Delmendo, 1979

Sin, 1979

Woynarovich, 1976

Jhingran and
Sharma, 1979

Jhingran and

Sharma, 1979

Chen, 1979

Deimendo, 1979

Delmendo, 1979

Delmendo, 1979




Table 4. One-year economics of fish-pig farm'nga 94347

Stocking density

Actuai No. /ha Profit per ha
Country area
(ha) Fish Pig Fish Total
Indla 0.1 8,500 130 $5,878,75 $1,282.50 $7,161.25
(Rs8=%1)
Malaysia 8 788 38 5,159.10 6,909.10 12,068.19
(M$2.2=$1)
Taiwan 1.0 35,500 210 7.674.75 14,058.33 21,733.08
(NT$36=%1)
Thailand 0.64 23,438 70 1,44531 3,956.17 5,401.48
(20 Baht=$1)

Thailand 0.96 26,042 104 914,06 3,842.71 4,756.77
Thailand 1.60 125,000 63 625.00 1,046.88 1,671.88
Table 4a. Ratio of profit to production cost

Production cost/kg Profit/kg Profit/prod. cost
Country Area (ha)

Fish Pig Fish Pig Fish Pig
india 0.1 $0.10 $0.50 $0.80 $0.12 $8.00 $0.24
Malaysia 8.0 0.15 0.63 047 0.15 3.13 0.24
Taiwan 1.0 - 0.92 1.04 - - -
Thailand 0.6 0.03 0.43 0.37 0.47 12.33 1.09
Thalland 0.96 0.12 0‘59 0.28 0.34. 233 0.57
Thailand 1.6 0.10 0.81 0.20 0.14 2.00° 0.17
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Withi the setback on combined rice-fish culture against uncontrolled use of pesticide the p
of adopting rotational cropping of rice and fish will become more and more important in augr
the supply of protein. This system offers a number of advantages as reported by dela Cruz®, Th.

1. Reduced chance of pesticide accumulation in fish tissues since rice and fish are gr
separate areas or in different tima. Presumably by the time rice is harvested, the pesticide has
degraded and subsequently fish stocked is safeguarded,

2. Better pest control ince the life cycle of insect pests is disrupted.

3. Mutually beneficial interaction between fish and rice crops. Fertilizer residues fr.
paddies can be used subsequently by rice. On the other hand, decomposing rice stubbles dui
culture serves as medium for growth of natural food. The decomposed stubbles also add fertilit
soil for the next crop.

4. Decreased rice production cost, because of the possibility of zero tillage. After fish
tion, the paddy bottom can be directly planted to rice. Some weeds or algae may grow wh
require single harrovring only,

5. Lower construction cost of fish paddy as compared to regular fishpond with deepe
higher and larger dikes,

This system necessitates the cyclic conversion of prescribed paddy fields in a farm unit -
paddies. This means that overall production of rice would decrease as a result of the withdrawal
area converted to fish production. This scheme is suitable in irrigated areas and in countries t
monsoons or those lccated within the typhoon belt. While rotational cropping in adjacent
one method, fish production in paddies may also be done during the rainy months instead of ri
is usually faced with great climatic risk. Rice production follows during the dry months wher
is already over, This scheme is also suitable for countries with rice surplus and marketing p

In the case of integrating livestock production with fish, most of the case studies showed i
income from the livestock, although the investment required was high. However, two cases ('
Saand 6) incurred losses. This situation demonstrates some implications:

1. Among the cases studied, there was a wide range in the stocking density of animals it
to the area of fishpond being supplied with manure. The same is also true with the stocking d
fish. Clearly, the optimum relationship between fish and animals are not established yet. It is)
to establish the balanced relationship between the number of fish and animal in order to hav
cient integrated system. Allocating more inputs or less in either component of the system v
the cost and return pattern.

2. Proper strain of animals that are to be included in the system should be selected.

3. It also implies that as more commodities is dealt with, the management system
more complicated. There must be know-how in the Production aspect of various compone
system. Unfortunately, majority of the farmers are knowledgeable only in producing on
crop. They need to be provided with training on the kind of integration they wish to venture ir

It is worth to note that all information used in this paper were obtained in systems ]

freshwater areas. This is understandable owing to the fact that plants and animals require
and dependable supply of freshwater, Thus, in brackishwater fishponds, integrated systen
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ractised if freshwater is assured. The integration of animals with fish may also be hindered in areas
ahere transportation problem exists. There are corditions where transport of fish product is done by

using small boats.
Table 5. One year economics of fish-duck farming!!*8+6+10+3
Pond Stocking density No./ha Profit/ha, ($)
Country area

(ha) Fish Duck Fish Duck Total
Hongkong 1.00 1,250—12,090 500—2,000 1,980 1,915 3,895
(HK$5=%$1)
India 1.48 6,340 100 2,013 -41 1,972
(RsB8=$1)
Indonesia 0.2625 - - 948 753 1,701
(West Java)
(Rs 312=%1)
Nepal 0.25 3,200 400 971 276 1,247
(Rs11.9=%$1)

Taiwan 1.00 10,852 3,200 Mule 4,140 7,111 11,251
(NT$-3=71) 1,00 10,852 1,500 egg-laying 4,140 2,520 6,660
Table 5a. Ratio of profit to production cost (based on actual area)

Pond Prod. cost ($) Profit ($) Profit/prod
Country area

(ha) Fish Duck Fish Duck Fish Duck

Hongkong 1.0 4,103 10,277 1,980 1,915 0.48 0.19
India 148 1,419 465 2,979 =60 2.10 -0.13
Indonesia 0.2625 958 940 948 755 0.99 0.80
(West Java)
Napal 0.25 376 162 243 48 0.65 0.30
Taiwan 1.0 1,666.39 - 4,140.28 - 2.48 -

1.0 - - - - _ -
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Table 6. Annual economics of a fish, pig,

disused mining pool at Talping, Perak Malaysja’ 2

chicken and duck farming in 4-ha

it Value ($)
ems (M$2.2=81)
A. Operating costs
1. Fizh production — Cost of fry 375.00
2. Pig production — Feed, labor and maintenance 10,636.36
3. Chicken production —Cost of 18,000 chicks,
teed, labor and maintanance 25,909.09
4. Duck production — Cost of 1,000 duckiings,
teed, labor and maintenance 2,095.45
—
Tota! 39,015,90
B. Gross income
1. Saie of bighead carps 3,863.64
2, Sale of 96 pigs 8,290,91
3. Saleof 17,100 chickens ' 34,977.27
4. Sale of 800 ducks 1,636.36
——
Total 48,768.18
C. Profit=g ~-A
1. Fish production 3,488.64
2. Pig production -2,345 45
3. Chicken production 9,068.18
4. Dugk production = 459,09
P L ————_——
Total 2,775.00
D. Proflt/operatlng cost = C/A
1. Fish 9.3
2, Pig -0.22
3. Chicken 0.35
4., Duck -0.22
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Table 7. One-year economics of tish-chicken farming®*?

Pond  Stocking density  Prod.. cost ($) Profit (%) Profit/prod.

Country area
{ha)  Fish  Chicken Fish Chicken Fish  Chicken Fish Chicken

indonesla  0.1203  — - 816 3,948 1,259 2,041 154  0.52
(Wast Java) l

Indonesia 02000 —  1/10m?® 365 1,301 436 813 119 0.62
(West Java)

Table 7a. Onc-year economics of fish-geese farmlng“

Pond Stocking density Prod. cost ($) Profit ($) Profit/prod.

Country area
(ha) Fish Gease Fish Geese Fish  Geess Fish  Geese

Hongkong 1.0 1,110— 1,500— 4,265 23,701 1,822 3,494 043 0.15
4,630 2,500

Table 7b, One-year economics of fish-sheep farmlng°

Pond  Stocking density Prod. cost ($) Profit ($) Profit/prod.

Country area
(ha) Fish Sheep Fish Sheep Fish Sheep Fish Sheep

Indonesia 0.0084 - - 313 505 72 255 0.23 0.50
{West Java)

Another aspect in fish-animal integration wherein little work is being done is its possible hazard
to public health. Whils no case of disease that may have been transmitted to humans through the

:::.m puuzmm has been reported, research on this area must be done to ascertain safety of the
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CONCLUSION
Far a more efficient and productive integrated farming, the following are suggested:

1. To pilot-test selected and profitable integrated systems existing in some countries to other
places where such may apply.

2. To collate existing information and management techniques in progressive integrated system
to come up with a technology package that could be verified or pilot-tested,

3. To formulate and conduct short training courses in various types of integrated systems for
those who will participate in the pilot testing including farmers as well,

4. To conduct an indepth research in order to generate an optimized and efficient system for
various combinations of commeodities.

5. To conduct research on the impact of insecticides use at the farm level and evaluate the
magnitude of the problem.

6. To ensure adequate supply of fingerlings and selected breeds of animals through establishment
of hatcheries and animal distribution centers.
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" INTEGRATED FARMING WITH LIVESTOCK AS MAJOR ENTERPRISE:

A CASE STUDY OF THE MAILIAO PROJECT IN IAIWAN )

by

Huang' Chia
y

INTRODUCTION

Mailiao is a seashore town on the west coast of Taiwan facing Taiwan Strait. During winter
months, continuous strong wind scorches every green leaf with the salts and fine sand. How this poor
village of saline sandy soil land changed into a productive rural area is described in the following sections,

Haifung Village

Haifung is a small village in Mailiao township. This village with 38 families, had one very rich
family, nine were very poor, the rest were below average,

The cultivated land of Haifung was reclaimed tidal land formed with alluvial sand of the Silo
River. The Silo river's wide river bed is dry during winter, The northeastern seasonal wind during
winter months blows up and accumulates fine sand dust to the south bank of Mailiao, Haifung village
has an area of 150 hectares but 100 ha are owned by the rich farmer Mr. Lu, who increased his farm
size by acquiring land mortgaged to him by his neighbors and ‘shich were not paid on time, In 1970,
nine familjes in that village gave up their land to Mr. Lu. and worked for him as farm laborers.

The main crops are paddy rice and sweet potatoes. Farmers also raise one crop of watermelon
from March to June. If summer rainfall comes too early, it will destroy the growing watermelon com-
pletely; if weather is favorable they will have an excellent crop. Watermelon raising is called ‘90 days
gamble.” The writer saw farmers wept in the field over rotten melon, destroyed by heavy rainfall.

THE FORMATION OF MAILIAO PROJECT

In 1970, Dr. J.T. Yu, then chief of the Animal Industry Division of the Joint Commission on
Rural Reconstruction (JCRR) visited Haifung village, and saw the abject poverty in the village., After
that visit, Dr. Yu asked the writer to Propose a project to assist these poor farmers by means of raising
pigs and to increase soil fertility with pig manure. Dr, Yu proposed land reconsolidation in that area
to improve transportation of feeds and Pigs, and also to make pig manure application more convenient.

Th> writer, together with Mr, C.p. Wangq from Taiwan Provincial Department of Agriculture and
Forestry (PDAF), and Mr. HS. Lee from the local county (Hsien) government, visited the Mailiao
Farmers Association in order to identify the area’s social conditicn and natural resources, They found
that the Mailiao Farmers Association (FA) was almost bankrupt. With 5,000 members, the savings
depsit of the FA was below 3 million Taiwan dollars (US$750,000), less than one tenth of a normal
township FA's deposit. The manager was suspended from duty due to court action. An interview
with the farmers in Haifung village was met with suspicious eyes because previous assistance from the
government was taken advantaged of by the rich farmer Mr. Lu,
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After three months, the 3-man team finally succeeded in getting the cooperation of both the rich
Mr. Lu) and the poor fanners, largely due to the assistance of a local farmer Mr. H.S. Wang, a natural

leader in that ared.

Since March 1971, 100 hectares of land had been reconsolidated with a main road at the middle.

were nine hectares bought from the landlord Lu with bank loan to the nine landless.farmers.
There d was sold by Mr. Lu at very reasonable price of NT$60,000 (1US$=NT$38) per hectare (naw a
The lanis worth NT$600,000). The original project (Integrated Livestock-Crop-Fish Farming at Mailiao)
h”.wmfor the development of 100 hectares and 37 farms was financed by a grant of NT$1,691,000
?es:ngnJCRR. Taiwan Provincial Department of Agriculture and Forestry (PDAF) and Yunlin Hsien
gl::,emment and a total loan of NT$5,915,000 (Appendix 1).

SOCIAL AND ECONOMIC STATUS

Supported by the project, Prof. C.Y. Wu and Miss C.S. Huang of the Agricultural Economics
Department, National Taiwan University, conducted a suivay in 1971 on the rural economic situation
of the 37 families. Their findings were as follows:

1. Land ownership

Before the project was established, the ownership of the 37 farmers were:

Farm acreage (ha) Families
0 9
0-0.50 5
0.51 - 1.00 8
101 -1.50 5
1.51 - 5.00 5
5.01 - 5

2. Family population

Famse  pow050ha  0.51-100 101-150  1.51-5.00 5.01~

no. persons
Farming force 1.2 1.8 1.8 2.7 3.2

For hire 0.2 04 0.8 0.2 0
Household 0.6 0.5 1.0 0.6 0.6
Student 1.0 0.7 16 0.7 1.7
Othzrs 2.4 2.6 2.0 1.7 3.8

Qut of village 0.4 0.4 0.8 0.15 0
Total 6.0 6.4 8.0 5.3 10.0

' The average ma'n-equivalent was 1.52 per family. It needs a one-hectare farm to fully employ one
man’s labor force, o in this Project, one hectare was bought for the nine families without farm,
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3. Farm income in 1970 in Haifung village (NT$/ba)

Expenditures Paddy rice  Sweet potato  Peanuts. Sugarcane Watermelo,
Seeds/planting materials 385 648 1,123 1,445 297
Chemical fertilizer 3,565 1,507 673 4,025 2,753
Compost 337 201 434 253 61
Chemicals 2,126 141 335 160 1,805
Others 178 20 56 - 58
Labor 4,047 1,203 3,118 6,412 1,241
Draft animal 574 732 326 1,474 87
Tillers 356 689 1,227 780 2,528
Total cost 11,567 5,141 7,292 14,549 8,830

Self-supply 1,661 1,261 2,225 2,027 174
Cash payment 9,907 3,880 5,067 12,522 8,636
Production (ka) 4,079 12,411 1,127 44,840 22,012
Value (NT$) 15,540 6,671 8,412 ~22,419 13,116

Profit
Incl. self-supply 3,972 -1,530 1,120 7,870 4,286
Excl. self-supply 5,633 2,791 3,345 9,897 4,460
Uss$ 141 70 84 247 112

The usual rotation systems of the one hectare.farm ang income from each were:

Paddy rice and sweet potato , ..., ., . . . . US$ 211
Peanuts and watermelon . ..., . . . . 196
Sugarcane (18 months) and rice . . , ., . , . | . 389 for 2 vears

In 1970, the average family income was NT$45,720 (US$1,203) year in Taiwan: in the ryral
area the average annua) income was NT$35,439 (US$932) of which the income from farming was
NT$17,257 ( US$454), Therefore the farm income in Haifung was only half of the average in Tajwan,

4. Family income and expenditure

Family income in Haifung, 1970 (NT$)

Farm acreage Below 0.5 0,511 ,00 1.01-1.50 1.51-2,00 2.01-5.00 5,01

(ha)

Total income 11,354 7,346 14,357 38,647 47,596 78,408
from crop 2,174 2,696 4,387 35,847 47,071 74,906
from pigs - - 1,160 - - 3,500
off-farm 9,180 4,650 8,810 2,800 525 -
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Family expenditures in Haifung, 1970 (NTS$)

Farm acreage (ha) Below0.5 0,51-1.00 1,01-1.50 151-2,00 2,01-5,00 5.01-
Food
Rice 3,325 5,003 . 6,307 8,160 4,945 16,804
Sweet potato 396 816 250 833 425 1360
Supplementary 1,520 2,264 2,740 2,700 4,800 3,733
Education 134 409 1,280 383 100 5,567
Clothing 1,500 1,237 1,720 1,000 900 4,167
Medical 3,100 1,037 1,100 333 2,300 2,133
Tobacco, wine 1,002 378 852 1,800 - 669
Electricity 326 377 204 404 245 586
Worship (religion) 200 175 200 667 250 666
Transportation 40 125 40 167 400 -
Miscellaneous 60 113 68 67 300 2,200
Total 11,603 11,934 14,761 15,914 14,665 37,885

The 1970 balance sheet of the 37 families in Haifung (NT$)

Of the 37 families surveyed, 17 families were in debt; the rest had a net surplus ranging from
NT$1,000 to more than NT$5,000,

-10,000 -10,000to -5,000 to -1,000 Oto 1,000to  Above

or mor2 - 5,000 -1,000 0 1,000 5,000 5,000
No. of families 4 8 2 3 5 5 9
Average -14,251 -9,635 -4,677 ~661 541 2,812 16,936

Due to frequent natural hazards such as typhoons, high tide, and flood in that area, the average
sccumulated debt of the Haifung families was NT$51,916. The loan they borrowed from private lenders
had higher interest of $25.55 per $100 a year, For those who could not pay on time, the over-dug
interest was added to the principal loan. Very soon the mortgaged land would be lost to the creditor,
This was how Mr. Ly increased his land to 100 hectares from nine families in the village,

THE PROJECT

The project went through a Preparation period of three months from the end of 1970. A project
pmposal‘was submitted to JCRR in Marck 1971 and approved in the same month. Land procurement
for the nine Jand]ess families and land reconsolidation was implemented in June 1971,

The pigsties were constructed from a stamdard bluepgint at a size of 140 m2, for six breeding

w3 and 50 fattening pigs, with WO partitions: one 1or feed storage and one for bedroom of the keeper,

lwm‘:chrramuy raised five breeding gilts which were bought from the Provincial Livestock Research
. tmcu. ] st.ar.t wnth,.each farm also bought 50 piglets for fattening purpose. The first shipment of
0ad of finisheq PIgs were sold on November 15 of the same year.
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The price of feeds and hogs in 1971 and 1972 was rather steady. The finisheqd pig sold at NT$2,
per 100 kg and feeds at about NT$5.00 per kg, Hog raisers had a Net profit of about NT$350 for [
Pig marketed, The farmers could sell 100 fattened pigs a vear to have a profit of NT$32 000, at
equivalent of US$800 a year. This income status was considered fairly good then. The participat

farmers were able to gradually repay the loan they borrowed from private creditors. Even the poot
widow Lin, had afforded to buy a TV set for her children,

Since the latter part of 1972 through 1973, bad weather and the oil crisis aroung the wo;
raised prices of feed grains; hog feeds increased by 50% (NT$7.50 per kilo) while hog prices remain
the same. The farmers were losing until August 1974, From August 1974 hog prices fluctuated fre

serious situation,

An over-all evaluation of the Mailiao-Haifung Project would show the Project’s success, Th
investment input was:

Grant: NT$1,691,000 ( US$42,275)
Loan: NT$5,915,000 (US$147,875)
Total: NT$7,606,000 (US$190,150)
Per family farm; NT$205,568 (US$5,139,20)

36,500 fattened Pigs were sold at a total profit of over 15 million NT$ (US$365,000). In eight years,
each family earned US$10,000 on pig raising aione.

There were 12 hectares of fish ponds formed after the earth was moved for sea dike constructjon.
The major fish raised is tilapia, fed with Pig waste, and no other feed was given, The major expense was
on electricity for pumping water (NT$7,000 per ha/year), The annual net income from fish pond
was NT$35,000 per hectare. The highest income from fish pond was obtaineq from fresh water clam
(Corbicula) which may yield a net profit of NT$300,000 Per hectare/year, with a production cost of
NT$10,000 for seedling and NT$30,000 for Pumping water. The 10.ha tilapia pond and the two-
hectare clam pond, gave the Haifung villagers an extra income of NT$1,300,000 a year.

After the fuccessful implementation of the Mailiao-Haifung project by the end of 1971, the
yoverament used thig model for other villages. At the end of June 1979, thera were 132 pig raising
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areas established in 67 townships in Taiwan, composed of 5,280 farm families. There are a few project
areas as successful as Haifung, however, at least 20% of the project areas did not function as well.

A rural development project like the Haifung project should include social improvement as well as
agricultural development. Therefore the project manager should be a social worker with a working
knowledge on general farming practices.

Government funds, in grant and in loan, are necessary to start such a project, but the determi-
nation of the participating farmers are equally important. A too generous grant-in-aid may spoil the
farmers. Tie oxtension agents should inform the farmers of all possible pitfalls as well as success from
the project and should not paint too rosy a picture to lure the farmers.
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Appendix |

Project title: integrated Livestock-Crop-Fish Farming at Mailiao
Field 71-A21-4-677
Duration: January 1971 to December 1971
Budget:
Grant: JCRR: NT$1,091,000
Taiwan PDAF: NT$300,000
Yunlin Hsien Gov't.: NT$300,000
Total: NT$1,691,000
Loan: NT$5,915,000
Items and description:

A, Grant
1. Survey and mapping 100 hectares NT$ 30,000
2. Earth work For an earth dike and fish 432,380
ponds with bulldozers
moving 216,190 m3 of earth
3. Culverts and automatic Drainage gates 2 sets
tidal gates
4, Subsidy of material for For underground manure 250,400
manure storage and storage and methane generator
methane gas generators pits construction material:
cement 2,550 bags, steel
15 tons
5. Methane gas pits steel NT$2,100 each for 37 farms- 84,000
plate covers
6. Partial subsidy of power About 60% subsidy 60,000
line establishment
7. Partial subsidy of deep wells 5 deep wells, about 12 m. deep, 75,000
with 6-inch tubes
8. Pumps and motors for liquid 1 hp motor and pump 26,000
manure application
9. Tractor and implements Tractor and disc plow, 319,000
disc harrow and rotavator
10.  Partial subsidy on breeding 5 breeding gilts to each farm 76,500
gilts
11. A cattleyard For beef cattle 47,000
12.  Farmers education classes On hog raising and animai health 14,500
13.  Supervising travel and For Tainan DAIS, Loukon 49,000
per diem Fishery Station, etc,
14, Social and economic survey NTU Agri, Econ. Dept, 94,000
15. Contingency 28,220
———————

Total Grant
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g, Loan

1. Long term loan for land procurement,
pig barns construction, power line
establishment and deep wells,

2. Procurement of piglets

3, Revolvingund for feeds

4. Beef cattle loan

Total Loan

There was a one year grace veriod for the repayment of principal and interest.

. 4] .

NT$1,650,000
10 years,

6% per annum
NT$1,015,000
5 years, 10%
NT$2,250,000 ,
5 years, 10%
NT$1,000,000
10 years,

6% per annum

NT$5,915,000
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DISCUSSION

The Cagayan Valley in the Philippines has been classified as unstable production area - d.,
dry months there is drought; during wet months, there is maximum concentration of typho
This is a vast lowland area and if we raise pigs, we probably cannot market that, Would y
suggest any other livestock that will be good to raise there?

Filipino scientists are very much concerned with cost, income and market, which means tha
you cannot market pigs, for example, then you don’t raise pigs. I feel that pigs would still
reliable,

In the Philippines, we have the land reform program. In these areas, land is subdivided to seve
farmers.  Unofficially though, after farmers get the land, it is slowly recovered by the ow
because he cannot provide inputs, Is this happening in Taiwan?

Land consolidation in Taiwan only means fe-arrangement and consolidation of 3 or 5 pieces
land belonging to one farmer, This does not have anything to do with land transfer. This isdo
to be able to provide for roads.

What is your purpose in building houses for pigs and family together?
The pig pen is better than their old houses; also, a caretaker needs to watch the pigs especia
during farrowing,

Is the low price of pigs in Taiwan only temporary; what is the repurcussion of this situation
Taiwan farmers in the future? :

This is a temporary one ~ due to overproduction, which is also being experienced in other cou
tries like Korea, This year, we have a project on integration farming and farmers still like to jc
this project because they believe that this low-period will be over by next year,

How is your government support (i.e., extension workers) in the case of expansion of the projec
Until now, the government still supports tl e Mailiao project.

Your table shows that the cost of investmen per family amounts to more than US$5,000. Do yt
think this amount can be done on a national : ale?

Government cannct support if it is done at 9ne time: Thus, it is done gradually where 700 -
more are provided loans at a time. Our subs. 1y goes to methane gas production and buying -
breeding stocks. A lot of government funds ¢%es to building public facilities like electric lin
irrigation, roads — in this we use grants.

Comment: Idon't agree that marketing is more important *han production.

A,

This is true. But if the middleman makes too much prefit, then this will discourage the produce

Comment: Maybe we should say that production is no problem; but we have to have a systemat

Q.

A,

marketing scheme.

What happened to the cattle component of the program which is menuoned in the project pr
posal?

We provided loan to buy cattle but repayment of the loan has not been good. Also, the price ¢
beef in Taiwan went down because the government allowed the importation of Australian beé
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<~ THE PHILIPPINE EXPERIENCE IN INTEGRATED

-

CROP-LIVESTOCK-FISH FARMING SYSTEMS

by

Elvira O.Tb

INTRODUCTION

It is typical of Filipino small farmers, particularly those in the hinterlands, to strive for self-
sufficiency and self-reliance in their everyday needs. Foremost among these needs is food. Thus, in
the Philippines, many traditional farmers raise vegetables or fruit trees, a few chickens or ducks, and two
or three pigs, goats or other ruminants in his piece of land besides the main crop.

In rice fields, farmers trap wild fish during harvest for family consumption. Immediately after
harvest. fowls are allowed to feed on rice droppings and other aquatic organisms in the wet fields,
During off-cropping season, livestock roam and graze on the paddy field. All these are part of the
regular scenery in rural areas.

While the traditional farmer may be contented with what he produces for subsistence and little
added income, the more progressive have diversified and expanded their operations to increase profits.
Agribusiness enterprises try to arrive at the most efficient and economical allocation of resources for
more gainful farm output,

Maximization of the use of land and water resources through integrated farminc systems has
been receiving more attention lately among agricultural researchers and economists in the country.
Compatible and complementary combinations and cropping patterns are being determined to attain
optimum potentials in mixed farming arrangements.

There are a number of reasons viewed on a national scale that favor a trend towards multi-com-
modity farming. Above all, the rapidly growing population demands a sustained increase in food pro-
duction. The current land reform program of the government limits one family to own not more than
seven hectares. And since ‘he landholding will eventually be divided among the children the future
farmer who does not have the means to work in the city would be left with even a smaller parcel of land.

The qovernment thrust in countryside development aims at, among others, the improvement of
the nutriticnal level and income-generating capabilities of the rural population. Integrated farming will
obviously help the country reach this goal and provide opportunities for under-utilized labor resources.
As the general socioeconomic level in the countryside gradually improves, migration to overcrowded
urban areas will be minimized.

Another reason is the prevailing energy crisis. Again, as in food supply, self-reliance is a major
national goal in the area of energy production. The development of the technology for producing
biogas from piggeries as a nonconventional energy source also opens the way for waste utilization in
various mixed farming systems. At the same time, the dangers and nuisance of pollution are abated
through the waste recycling process,
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COUNTRY REVIEW OF INTEGRATED FARMING SYSTEMS

Much of the integrated farming systems now practised in the Philippines were largely evolved
through experience and experimentation by the private sector. The more advanced segments have
adapted or modified some foreign technologies but few of these are documented. Recent studies by
government researchers, however, have had good results and are published in technical reports and some
popular literature,

Small-Scale Operations

Integrated farming may be classified according to the main commodity being produced, i.e. with
crop, livestock or fish as the major enterprise.

1. Crop-based farming systems
a. Rice-fish

The old practice of trapping wild fish inside rice paddies has been developed into an economically
feasible technology by the Freshwater Aquaculture Center of Central Luzon State University (FAC/
CLSU),

The irrigated rice paddy is provided with a center trench running lengthwise which serves as fish
refuge, passageway and catch basin; the dikes are made slightly higher than in rice monoculture and a
gate on the dike is constructed for water entry and drainage. A wire screen is installed at the gate to
prevent entry of predatory fishes and escape of stocked fish.

The insect-resistant, high-yielding IRRI rice varieties IR-26, 30, 32, 36, 38, 40 and 42 are used.
These varieties have a culture period of 110 to 145 days. The recommended fish species are Tilapia
mossambica. T. nilotica stocked at 3000-4000/ha and Cyprinus carpio (¢ ommon carp) at 3000-4000/
ha. In polyculture, stocking rates are 4000 tilapia and 2000 carp per hrctare. Culture period for the
fish is 80-100 days in rice-fish culture, Experiments so far indicated that use of carbofuran pesticide
is not toxic to fish; no residue is left in the fish which is thus safe for human consumption?,

Results from 19 field trials in 1977--1978 yielded an average on a hectare basis of 116 cavans of
palay (50 kg/cavan) and 204 kg of fish per cropping. This corresponds to a mean net income of about
B 5,210. more than that of rice culture alonie by R 677 (Table 1), The cuiture method is now undergoing
a nationwide pilot implementation phase under the joint sponsorship of the Ministry of Agriculture
and Ministry of Natural Resources. Even rice farms outside the pilot areas are gradually adopting
the technology.

A major constraint to widespread adoption, however, is shortane of fish seed supply. For the
1.4 million hectares of irrigated ricelands alone, not counting the needs ¢f fich rases and ponds, the
fingerling requirement would be 4,200 to 8,400 million per cropping. Since the combined output of
all hatcheries in the country cannot supply this, the rice-fish program includes training on fish hatchery
management for farmer-cooperators.

b. Ricewvegetable-fisk .

The one-hectare farm of Mr. Francisco Carbonel in Nueva Ecija province produces rice, vegetablé®
and fish. The setup includes: 1) tilapia breeding and nursery ponds of approximately 1,000 m totd
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occupying a combined area of 1,000 m?; and 4) an independent and dependable water supply with
underground channels running along the dikes to the point of delivery; through this system the dikes

may be watered.

The dikes are planted to vegetables such as eggplant, pechay, native onior, tomatoes and beans,
as well as some citrus and banana plants, Taro plants, locally known as ‘gabi,’ are raised along the base
of the paddy dikes, but rice is stil] the major crop. The farmer invested ®12,000 for this project which
bas reportedly increased the farm gross income from £ 10,000 to$=25,000 per year’,

A similar one-hectare farm was putup in 1977 at the Central Luzon State University for economic
feasibility studies and demonstration purposes. The so-alled CLSU Model Farm or ‘Farm of the Future’
consists of: 1) four tilapia nursery and breeding ponds, 698 m2 total area; 2) five rice-fish paddy fields,
8,779 m? total area; 3) several elevated, 3-4 m wide dikes for vegetable beds, 2,446 m“ total area;
4) an underground channel along the main dike for distributing irrigation water; 5) a pump house; and
6)a farm house made of bricks,

The total development cost amounted toP 57,479, including the cost of the farm house of about
# 11,700, According to Undan, et al.' 7, the farm produces rice, Tilapia zillii, and 15 other crops for a
net income of p 11,656 in one year (Table 2),

Tabic 1. Cost-benefit analysis of one cropping of rice and rice-fish cuilture on a hectare basis®

—
Iterns Rice cultura Rice-fish culture
L &
A. Cost of production 2,117,60 2,603.60
B. Production
1. Rice pro.uction (cavan) 122 116
2. Fish production (kg) - 204,75
C. Value
1. Rice (@ 55/cavan) 6,710.00 6,380,00
2. Fish (P 7/kg) - 1,433,25
D. Gross income 6,710.00 7,813.25
E. Net income 4,532.40 5,209.65
F. Additional net income from
rice-fish culture - 677.25
N ——

Note: ) Cavan = 50 kg: US$1.00 = ¥ 7.85

c. Fruit-vegetable-pig-poultry-fish
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from 16 sows and 1,600 broilers are fed into a digester for biogas production. The resulting liquid
sludge, known to be a better fertilizer than fresh manure, is used to fertilize the orchard, vegetable
garden, and fishpond. The entrails of dressed chicken from the farm, together with chopped banana
stalks and vegetable scraps are cooked using biogas fuel for feeding the pigs. The biogas is also used for
various domestic purposes.

Ever since waste recycling through biogas operations became popular towards the middle of 1970s,
a number of rice-vegetable farms with backyard piggerins have been using the effluents (sludge) from the
digester for fertilizing the fields and, in some farms, small fishponds,

Table 2. Summary of the one.year mode! farm income and expenses
(16 June 1978—15 June 1979)'?

Items Amount (&)

A, Gross income

1. Rice 6,307.60
2, Taro (‘Gabi") 5,340.90
3. Onion (cluster type) 4,735.45
4, Tilapia zillii 1,482.50
5. Eggplant 730.40
6. Toma.o . 551,90
7. Pepper 181.25
8. Bitter melon (‘Amargoso’) 94,45
9. Corn 93.95
10. Sweet potato 82.30
11, Pechay 71.75
12, Stringbeans 66.00
13. Squash 58.30
14. Sponge gourd (‘Patola’) 46.00
15. ‘Condol’ 42,00
16. Okra 38.50
17. ‘Batao’' . 17.50

Total 19,940,775

B. Production expenses

1. Hired labor 763.50

2. Animal and machine fee 2,788.01

3. Supplies and materiais 3,082.67

4, Farm rent 1,650.00
Total 8,284.18

C. Net Income 11,656.57
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d. Crop-livestock

Livestock production in the country is either of the commercial-ranch type or the backyard type.
ocause of the observed overstocking or overutilization of current pasture areas, researchers are focusing
jmprovement of native grasslands by oversowing them with legumes or by establishing pure grass
and grass/lequme pastures with fertilization to increase beef production in commercial grazing systems,
n the cas® of backyard or small feedlots, integration with crop farms is favored since the animals subsist
mainly Of weeds, crop residues and other farm by-products.

In 1976, backyard feedlots were raising some 4.23 million head of cattle and carabao, much

ore than the total animal population of 495,620 in ranch areas. Still much feed resources are un-
utilized, considering that an animal population of 11 million can be potentially supported by feed
materials coming from a total crop area of 7.93 million hectares planted to rice, corn, sugarcane and
coconut. One explanation for this is perhaps most crop fields and livestock feedlots are located in

separate places’ .

Thus, for backyard livestock production, a major research thrust is the integration of fodder
production with existing cropping systems. A model for an upland farming system based on ipil-ipil
(Leucaens sp.) grown in hedgerows spaced three meters apart and planted to corn or sorghum in-between
has shown good potentials for cattle fattening and leaf meal production.

Ongoing researches are concentrating on: 1) utilization of crop residues, corn stovers, etc. with
ipil-ipil, with or without concentrate supplementation; 2) integration of fodder production with existing
cropping patterns (rice<cadios; rice-ipil-ipil; corn-cadios; corn-ipil-ipil; tobacco-ipil-ipil, etc.); and integra-
tion of fodder crops with intensive cropping systems {fodder soybean with green corn; fodder cadios

with upland rice).
e. Coconut-pasture-cattle

Instead of growing crops under coconuts, some farmers raise livestock to free the soil surface of
weeds and thus save money on weed control, and at the same time convert the weeds into meat or
milk. About 400,000 hectares of the 2.5 million-hectare area under coconuts are currently used for

grazing' .

To improve the pasture, the native grasses are replaced by high-yielding grasses and legumes.
Para grass, Guinea grass, Alabang X grass species and Centrosema and Kudzu lequmes are found to be
satisfactory for grazing purposas1 5. Other legumes like ipil-ipil may also be grown in the same farm
as source of feed ingredient for cattle and other livestock. :

A 1968 survey of 103 beef cattle farms under coconuts in Mindanao (southern Philippines) show-
ed an average cash income of B 760.58 (in 1968, US$1.00 = B 3.90) from coconut sales and B 49.37

from cattle sales per hectare, for a total net return of P 151.68/ha' °.

As in other integrated systems, however, more research is needed here to obtain the right balance
of farm components; pasture Crops compete with the coconut trees for nutrients and water, and the

animals compact the soil.

2. Livestock-based farming systems

a. Pigcropsish
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The University of the Philippines at Los Banos ( ULPB) has 3 mode] recycling system that produces
algae, pork, biogas, rice, Vegetables and fish! °, Hog manure and washings are channeled to the digester,
and the effluent ysed as fertilizer for the rice and vegetabje fields, tilapia ang chlorella ponds, Chlorella,
a high protein alga, serves as substitute for soybean oil meal in pig rations, as feed for the fish, and
fertilizer for vegetables,

were estimated to cost £ 18,400 (Us
is¥ 19773 (US$2,636), including sales
and vegetables, Net profit amounts to # 4, (US$595), Tilapia Production of ] ] kg/month from
the 7.5 m pond was not valued,

Two integrated farms operated by Mr, Jose Sanvictores uge entirely liquid hog manure as fertilizer,
One of these farms does not have to yse chemical fertilizers for the ricefields, In the other farm, the
liquid manure i5 Pumped to Napier anqg Para grass fields; the runoff then goes to a water chestnut planta.

tion; and the overflow to a catfjsh backyard pond®,

where vegetables are growm in addition to livestock and poultry production'*. The methane gas pro.
duced from hog manure ang Pen washings is used as fuel for drying chicken droppings to be fed to the
cattle; the recovereq solid sludge from the digester, as feed material for the pigs; anq the liquid sludge,

3. Fish-baseqd farming systems
a.  Fish.pig

The integration of anirnal husbandry with aquaculture has beep reported in many countries in
Asia and Centrg Europe, In the Philippines, such combination has not been extensively practised, Of
the few fishfarme that raise pigs to Provide manure for pong fertilization, the biggest perhaps is the
Jamandre farm which will be Presented Jater,

Preliminary regyjts on fish-pig production at the Freshwater Aquaculture Center (FAC) indicate
that fish yields of 5,850 kg/ha in 270 days may be obtained, Tepresenting more than 4 times the pro
duction of raising fish alone at the same fish density with inorganjc fertilization only. The combination
used was 60 pigs ang 20,000 fish/ha, composed of 17,000 Tilapin nilotica, 2,800 Cyprinus carpio (com.
mon carp) and 200 Ophicephalus striatus (mudtjish or snakehead), the Jatter added as tilapia Predator

In another experiment, brackishwater Ponds rearing 4,000 milkfish and 2,000 tilapia per hectare
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in polyculture are supplisd directly with pig wastes washed from pens over the ponds., The system
produced a mean of 252 kg of milkfish and 180 kg of tilapia after 120 days, indicating that tilapia
performed significantly better than milkfish3,

b. Fishchicken or duck

Fishchicken or duck combinations are not as widely practised, if at all, in the Philippines as in
other Asian countries, Chicken manure, however, is purchased and applied in brackishwater milkfish
ponds in the country a\ an average rate of one ton/ha; but the recommended r~.e of application is 2
tons/ha.

Based on a survey of 1,394 pond operators, 19% used organic fertilizer sources; 26%, organic-
inorganic fertilizer combination; and 54%, inorganic fertilizer! 3, Of the organic sources, chicken manure
is the most widely used, followed by hog manure, guano and composts, Another survey found that
42% of fully developed milkfish ponds sampled had less than 4% organic matter®. Pond soils should
have at least 9% organic matter to obtain abundant algae growth for fish food. Considering these data,
the economic feasibility of integrating chicken and fish production may be worth looking into.

The duck farming industry around the Laguna de Bay lake, while accounting for more than
700,000 ducks in about 4,000 duck farms, is not integrated with fish production in the strict sense,
However, the duck manure and domestic wastes draining into the lake enhance biological productivity
in the water, which is evidently responsible for the high 4 ton/ha/yr production levels in milkfish culture
pens in the lake; the ducks, in turn, feed on the snails and small shrimps collected by farmers from the
lake?, :

of 750 Pekin ducks and 20,000 fish/ha with the same fish-composition used in the fish-pig experiment
earlier mentioned. With this combination, the maximum net fish yield after ducks have become reqular
layers would be 5,070 kg/ha in 270 days*,

¢. Fish-taro

Since taro now sells at # 1.00 per plant in Nueva Ecija province, a 200 m paddy with 1,000 plants
would gross=® 1,000, as compared to 3 cavans of palay production from the same area worth about
# 150 only (dela Cruz, pers. comm,),

Large-Scale Operations

Except for the Maya Farms, records are not available to the author of large-scale integration and
Wwaste recycling in other agro-industrial farms in the country. It is conceivable though that livestock
feedlots may be found in big pineapple and banana Plantations to utilize the agricultural and processing
wastes. There are unpublished information of one Sugarcane plantation planning to utilize excess
irrigation water from its reservoir for fish-pond culture purposes, and a forestry concern raising fresh-
water fishes in natural water impoundments in the watershed.

Two case studies are presented here to illustrate the development of integrated farming systems
in the Philippines achieved through private initiative,
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Furthermore, most experiences in other countries in pig-fish combinations involve freshwater
fishes. More studies are needed to test the effectiveness of using hoq manure for milkfish culture in
brackishwater ponds, No economic analysis is available to show if the increase in fish yields and savings
on chemical fertilizer compensate for the cost of hog feeds.

The farm also includes about 35 head of cattle which araze on the 6-meter wide principal dikes
and about 16 hectares of grass area under coconut trees adjoining the fishponds (Alicer, pers. comm.),

CONCLUSION

Integrated farming systems is siill a wide-open field for multidisciplinary research in the Philippines,
Several technologies developed elsewhere remain to be verified under different environmental conditions.
A more systematic approach for testing various combinations must be developed to determine the
appropriate stocking densities or carrying capacities for each system component, the optimum resource
allocation and complementation among commaodities, the full employment of labor resources, and so on,
The objectives should be to identify the most profitable crop-animal mixes for specific conditions.

“Together with the technology package, cost-return evaluation of operation farm systems have
to be documented and disseminated. Credit support has to be provided and integrated farm operations
on a wider scale should be promoted.
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INTEGRATED FARMING IN THAILAND

by

Somsak /Janesirisak

INTRODUCTION

The progress of fish culture in Thailand is noticeable. Approximately, a total area of 23,568 ha
in 20,974 farms are used forLfish culture.],At present our fish farmers are using modern technol.Ties
instead of old methods. Fish farmers can produce a high fish yield by using spawning techniques that
artificially induce fishes such as chinese carps, etc. to spawn. This enables farmers to have more finger-
lings than they need and they can therefore sell excess fingerlings to other farmers.

The farmer’s critical problem is lack of capital because feeds are expensive while the price of their
products is not proportionate to the price of feed. They incur losses due to the imbalance between
investment and orofit. Therefore, farmers try to reduce the cost of feed through integrated farming.
Instead of raising fish only, the farmer also grows livestock such as pig, chicken etc. Excrements of
these animals are directly utilized by fish or used 0 enrich the pond for the growth of natural fish
food organisms such as phytoplankton and zooplankton. It was found that about 60% of the daily
consumption of the pig is excreted as feces and urine, Therefore, fish can directly consume it and the
valuable nui.ients that these contain cause the growth of natural food organisms (Table 1).

With this type of farming, all areas are utilized for maximum yield and production. Pens are built

over the fish pond or near the edge of the pend, and economic plants such as banana and coconut trees
are grovm on the dikos or near by for more profit,

Table 1. Chemical composition of pig excrements

From 100 kg of excrement

Components (k)
g
Water 71
Organic matter 25
Nitrogen 0.5
Phosphorus (PZQS) 0.4
Potassium (KZO) 0.3
Calcium 0.09
Others 0.9

Ad:oted from Woynarovich, 1976.
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. LIVF.STOCK-FISH COMBINATION

Table 2, Preferable fishes

A——
—

Thai name

Common name Sclentiﬁc Name

Pla njje

Nile Tilapia niloticq
Pla song Bighead carp An'stichthys nobilis
Pla Tapien Puntius Puntiy, &onjonoty,
Pla swaj Catfish FPanqasiys sutchi
— ———— ——————

\
One ra; pond

Species of fish ~ —_—

No, ot fishes

No, ot pigs

L. Tilapig niloticq

7—10 1,600
angasius sutoh; 10 1,000
3. Puntiy, &onionoty, 8 4,000
4, Ariatichthy: nobilis ang 7 150
Tilapia nilotip, 7 1,600
— ——————
Lhectare = ¢ Raj :



Yield from Fish/Pig Raising
Research results are shown in Table 4.

Table 4. Yieid from fish/pig raising

One Ral pond
Fish species Population | el wt,  Fran rearing  Total yield* Ave. wt.s Ish

(gm/fish)  period (month) (kag) (kg)
Tilapia nilotica 1,600 30 6 600 0.375
Pangasius sutchi 1,000 2.0 14 400 0.40
Puntius gonionotus 4,000 2.5 10 500 0.125
Aristichthys nobilis and 150 100 6 200 1.33
Tilapia nilotica 1,600 30 400 0.25

* Yield is after 6 months

Returns from Pla Nile ( Tilapia Nilotica) in Combination with Pigs

Results of the survey from three farms at Soi Sena Nikom 1, Pahol, Yothin Road, Bangkhen,
Bangkok, Thailand are shown in Table 5,

Table 5. Returns from Tilapia nilotica in combination with pigs at Soi Sena Nikom 1},
Bangkhen, Bangkok, Thailand (Baht)

Details Farm No, 1 Farm No. 2 Farm No. 3
Pig

No. of pigs 45 100 100
wt. (kg) 8-10 8--10 8~-10
Cost of young pigs 20,250 50,000 50,000
Feed and medical care 26,311 19,720 44,500

Rented area - 6,000 -
Period of raising (month) 7 '8 8
Total wt. (kg) 8,400 11,000 12,000
Average wt. (kg) 120 110 120

Price (Baht/kg) 18 18.50 -
Total income (Baht) 97,200 203,500 228,000

Pla Nile

Area of pond (Rai) 4 6 10
Number of tish 15,000 25,000 200,000
Cost of fingerlings 1,500 1,250 10,000
[ish rearing period (month) 6 6 7
Total wt, (kg) 2,500 3,100 5,000
Average wt, {ka) 0.250 0.250 0.100
Price { Baht/kg) 8 8 6
Total income 20,000 24,800 30,000
Grand total income 117,000 228,300 258,000
Grand expense ' 48,061 136,970 204,500
- Protit 69,139 91,330 53,500

1 US$ = 20 Bany )
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CONC{.USION

The numper of integrateq farming i Thajland js increaa'ng. Itis however Recessary to determine
the optimum density between the fish and ap; als and to improye the Management of the system, to get

the highest income at the lowest cost. From the data, the conversion rate of eXcrement from one Pig
is roughly 31.00—55.55 kg of fresh fish,

Potcharoen Chitta ang Somsak Janesirisak 1977, Integration of Swine ang Tilapia nilotica, Exy Bu],
No. ) Extension Unit Nationa) Inlang Fisherjeg Instityee (NIFD), Bangkhen, Bangkok, Thailang,
(In Thai),

Vit 'I'hanchalanukit. 1978, The Applicatio;, of Pig Manure g¢, Fish Pongs, Tech, Paper ang Instructeq
Paper, Fish Culture Section, Faculty of Fishen‘es, Kasetsart Um’versity, Bangkok, Thailang,

Woynarovich, E. 197, The Feasibﬂity of Combim‘ng Anima) Husbandry with Farming, With Specia)

Reference to Duck apg Pig Production. FAQ. Tech, Conf, Aqu . Expt, Pap, No, 6. Kyoto,
Japan, p. 11,
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INTEGRATED FARMING IN CHILWON VILLAGE: A CASE STUDY[J

?

=
by
Youl-Mo Bong

INTRODUCTION

;1
Farming in&orea_;is characterized by small scale g-ain production on an average cultivated land
area of 0.97 hectare per farm household, using predominantly family labor (Tables 1 & 2).

As seen in Table 1, approximately 68 percent of the total farm households have less than one
hectare; 31 percent have less than 0.5 hectare with which they can hardly sustain the subsistence of
their families; about 31 percent of the total farm households possess only 11 percent of the total arable
land. Table 2 shows that on average, 5.7 family members are depending for their livelihood on 0.97
hectare of arable land by means of labor-intensive farming with 2.9 working members per farm house-
hold. It is worthwhile to pay attention to the size of holding per farm worker which averages 0.34
hectare or 3,400 square meters. Especially in the group with less than 0.5 hectare, 0.14 hectare or 1,400
square meters is managed by one working family member. These figures demonstrate the excessive
labor force to land holding ratio which has caused seasonal unemployzient.

Such factors have necessitated high nutilization of farm land labor and intensive management
in terms of integrated or diversified farming.

It has been customary to grow cereal crops, rice in summer and barley in winter after harvesting
rice in the southern part of Korea Consequently, farming in Korea is largely dependent on land, which
is the most serious restricting factor in improving rural conditions. In other words, the rich or poor
farmer can be identified by the size of his cultivated land holding.

Table 1. Distribution of farm household and arable land area by size of holding
(1977)

Classification Under0.5ha 05—1.0ha 1.0—1.5ha 1.5—2.0ha Above 2.0 ha Total

Farm population - - — — - 12,308,834
Farm household 686,082 795,331 406,841 170,475 131,552 2,190,281
Percentage 31.3 36.3 18,5 7.8 6.1 100.0
Arable land 217,265 583,155 494,871 292,577 365,807 1,554,675
Percentage 11.2 29.8 25.4 15.0 18.7 100.0

Source: MAF, Reports on Farm Houschold Economy Survey.
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Under 0.5 ha 1.5~2.0 ha Above 2,0 ha Average

No. of family member . . 6.2 6.6 6.8 5.7
Arable jang per

househojg (ha) 0.31 0.73 1,25 1.71 2,68 097
No., of farm-engaged

member per househojg 2.3 2.8 3.3 3.2 3.6 2.9
Size of holding per

farm worker (ha) 0.14 0.26 0.38 0.53 0.74 0.34

Classification 1962 1967 1972 1977
Calorie (kcal) 1,943 2,216 2,415 2,427
Index 100.0 114,1 124,3 1249
Rice (g) 3314 341.3 3415 346.3
index 100.0 103.0 103,0 1045
Vegetables (9) 99.0 129,2 170.6 171.2
Index 100.0 1305 172.3 1729
Meats (g) 17.3 28.0 348 41.1
index 100,0 161.8 201.2 237.6

Source; MAF and Korea Ruraj Economijes Institute, Reports on Food Supply Pattern jn Korea,

Integrated crops-livestock farming wish Korean native cattle hag been Popular among smal| farmers
not only for the draft power rovided by cattle but ajso as an important family asset. As dairy anq
beef cattle have beep introduced in recent Years in additjop to the native catle, integrateq crop-dairy
farming g becoming Popular in Suburbap areas. In remote mountainoys areas, integrateq Crop-beef

Cattle as we)) as native cattje farming js common, Tabje 4 shows the Popularity of such integrated
farming jn Korea,
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Table 3. Number of head and farm household raising cattle by size

(1978)
Cattle Classification Total 1—9 head 10—29 30—49 Over 50
Native cattle Head 1,624,301 1,593,713 17,068 4,500 9,020
(%) (100.0) (98.1) (1.1) (0.3) (0.5)
Farm
househcld 1,169,784 1,138,476 1,120 125 63
(%) (100.0) (00.888) (0.096) (0.011) (0.005)
Beef cattle Head 27,054 12,309 3,071 564 12,10
(%) (100.0) (45.5) (7.6) (2.1) (44.8)
Farm
household 6,081 5,886 138 16 41
(%) (100.0) (96.8) (2.3) (0.2) (0.7)
Dairy cattle Head 135,803 48,747 50,832 14,276 21,948
(%) (100.0) (35.9) (37.4) (10.5) (16.2)
Farm
household 16,387 12,438 3,343 393 213
(%) (100.0) (75.9) (20.4) (2.4) (1.3)

*Source: Livestock Industry Development Corporation

Despite the fact that the government has tried to establish large-scale livestock farms and has
strongly supported them in many ways since early 1970s, most of the cattle are raised by small farmers.
Table 4 shows that the large farmers raising more than 50 head account for only 16 percent of total
head of dairy, 45 percent of beef cattle and 0.6 percent of Korean native cattle. On the other hand,
small farmers who raise less than 9 head hold a large portion of the cattle: 36 percent of total head in
dairy, 45 percent in beef cattle and 98 percent in native cattle.

The number of farm households raising less than 9 head is 76 percent of total dairy farmers,
97 percent of beef cattle farmers and almost 100% of native cattle fannets,

THE CHILWON VILLAGE PROJECT

Chilwon village is situated in the middle part of the Korean peninsula with accessible transporta-
tion directly connected by the express highway and railroad to the capital city of Seoul and the other
cities throughout the country. The village has 46 households with a population of 286 persons. Of
the total households, 38 make their living by farming an average cultivated land area of 1.6 hectares
per household.
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before rice transplanting. On upland, integrated corn-vegetab]e-rye System is common, Such integra
crep-dairy farming attracted neighboring farmers ang the number engaged in this System increz

Year Number ot Total head of
farm househoig dairy cattle
1973 - -
1974 5 38
1975 12 91
1976 14 124
1977 : 17 152
1978 19 173
1979 22 196

Of the total of 38 farm househo!ds, 22 have engaged in thjs type of integrated farmir
196 head of dairy cattle, averaging aboyt 9 head per household a5 of the end of August 1979,



Another fact worth noting is that the rate of annual income increase per farm household between
1973 and 1978 varied depending on the size of land holding (Table 7). During the period of six years
from 1973 to 1978, while the annual income increase for farmers with more than two hectares is 415%,
that for small farmers holding less than 0.5 hectare is 844%.

This shows that the gap of income between the size of holding is remarkably narrowed. Table 7
seems to indicate the hard work exerted by small farmers and the effort they have put in to maximize
the utilization of their own idle resources.

Table 6. Comparison of farm income sources per household between the first year of
the program and the end of 1978

1973 1978
Field Income sources
Amount % Amount %

Cereal crop 828 90.8 2,039 73.3

Vegetable 72 7.8 393 14.3

Crops Orchard - - 210 7.5
Others 13 1.4 137 4.9

Sub-Total 913 100.0 2,779 100.0

% of total . 95.5 36.9

Dairy - - 3,891 820

Cattle fattening 21 48.6 771 16.3

Livestock Others 22 51.4 31 1.7
Sub-Total 43 100.0 4,743 100.0

% of total 4.5 63.1

Total 956 100.0 7,522 100.0

Table 7. The annual income increase by size of land holding;
comparison of 1973 with 1978

Year Classification Under 0.5 ha 0.5—1.0 ha 1.0—2.0 ha Above 2.0 ha

1973 Amount of income 341,569 578,593 731,049 1,458,001
Rate (%) 100.0 100.0 100.0 100.0

1978 Amount of income 2,882,694 4,363,621 4,535,162 6,053,379
Rate (%) 844.0 754.2 620.4 415.2
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INTEGRATED FARMING In MALAYSIA

Ali Bin|Ismaj)

INTRODUCTION

'I'n‘commodity integrated farming js 5 Systematic methoqg of rajsing 5 ¢ombination of livestoek, fish
and crops, Although this system of farming is Practised tg 5 certain extent fn Malaysia, itis not ag yet
being fully exploited by the majority of the farmers, Thig may be due to severa] factors, one of which
is that the techniques are not widely known among the farmers, _
(//
The most widely Practised sysiom among pork aaters in Malayyi, i the&ig-fixh-vegetabl_t?ombina-
tion, There Is a great Potentia] jn developing oﬂzencombmations, such as-thése'{nvolving ucks and
chicken which are acceptable in al] Malaysian Communijties.

1, Livestock-cumcrops
2. Fish-cum-crop

a, Fish-cum-padi culture
Fixh-cum-veggtabla culture
c. Fith-qum-t‘nﬁt trees culture

3. Fx’sh-cum-livestock

a. Fish-cum-pig culture
b, ish-cum-duck culture

c. Fixh-cum-chicken culture
d. Figh-cum—geem culture

e, Fish-cum-cattle culture

f. ish-cum-goat culture

4, Fish-cum-livestoek-cum-crop culture
a, Fish-cum-pig-cum-veqezable culture

b. Fish-cum-duck-cum-vegetable culture
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c. Fish-cum-pig/chicken/duck cum vegetabls culture
d. Fishcum-goat/buffaloes-cum vegetable culture,

Systems involving two commoditi'ss'are relatively well known in Malaysia, On the other hand
tricommodity integrated farming is employed by some Chinese farmers, whereby pig or duck is produced
together with fish and vegetable.

Thus there is a possibility of popularizing tricommodity integrated farming among farmers in fish
farming areas in this country. A survey in 1979 indicated that out of 12,000 acres (4,800 hectares) of
fish ponds, 6,716 acres are utilized for fish-cum-livestock mixed farming.

A. Fish-cum-pig culture

In the fishcum-pig culture, the waste water from pigsties is.channelled directly into fish ponds
to fertilize the ponds. The pigs are fed with a soft diet composed of boiled succulent vegatable feeds
consisting of any or combination of the following crops: 1) sweet potato (Ipomoea batatas) haulms and
tubers; 2) cassava (Manihot sp.) leaves and ‘tubers; 3) banana stems; 4) kangkong (Ipomoea reptans);
5) Colocassia and Dioscorea sp.

De la Mare® reported that in a case study in Penang, Malaysia fish-cum-pig culture involving
grass carp, common carp, silver carp and tilapia yielded 3,260 lbs (1,480 kg) for fish per acre per annum
(3,655.6 kg/ha)..

B. Fish-cum-chicken culture

Fishes such as grass carp, big-head carp, Indapesia carp and the Malaysian freshwater prawn
(Macrobrachium rosenbergii) may be cultured with chicken. At the Malaysian Agricultural Research
Development Institute Station (MARDI), Malacca, the culture has been experimented. A poultry shed
was built atove the fishpond and at the end of 4 months, 242 kg (597.74 kg/ha) of Macrobrachium and
an equal amount of fish were obtained per acre!. The chicken weighed 1.2-1.8 kg each. Ang' alco re-
ported that in Sarawak, Malaysia 100 chicken can keep one acre (0.4 ha) of pond constantly productive.

<. Fish-cum-duck culture

This system is commonly practised by some farmers. Disused mining pools are utilized for cul-
turing fish, consisting of grass carp, silver carp and bighead carp, Adjacent to the pools the farmers
cultivate vegetables, rear pigs and some ducks. ‘It has been indicated by MARDI, Malacca, that polycul-
ture of prawn and fish with duck is feasible!. In this case, the fish were not given supplementary feeds.

D, Fish-cum-cattle culture

In this system the cowbyres are built near fish ponds so that cowdung are easily transported and
applied in the ponds at specified intervals.

The common practise in Malaysia is to apply cowdung at the rate of 450 katis per acre per annum
(272 kg/hectare/annum),

RECYCLING METHODS

The recycling method commonly practised in Malaysia is best described by De La Mare*. He
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BENEFITS OF THE SYSTEM

In Malaysia 71% of the Population o 1V millign
householq in the Poverty group is in the rural areag an! 68% af this Poverty group isin the agricultura)
sector,

However, 2 total of 38.7% of these households €arn less thap Ms$200,09 ( US$93.00) Per month, The
Poverty leve] i Malaysia js estimated 3¢ M$256,09 (Uss$11 9.00) Per househglg Per month,

Thus 4 farmer should utilize his land for Crops, livestock and fish.

In 'I'haﬂand, a farmer Can increage his net eamings by 20 ¢ 100 times by engaging in fisy farming
in 3 part of hje rice farm! It was also feported thae in Indones;; a rice farmer can earn 70y of his
income from the sale of fisy from 1/3 of his 1.5-hectare farm,

2 Cheap source of progein Jor the rural people

The weighted average of protein fequirement per Caput/day has been calculated jp 1970 3¢ 35.3
gm in Malaysiys The daily protein Consumption of 56.1 gm Per caput jn 1973in m aysia if compared
to the per caput '®qQuirement of 35.3 gm will Jhow that the Protein requirement¢ has bagp Xceeded by
60%. However, this does not necessarily indicate that there is no protein deficiency and Malnutrition in
the Population, g Study (Chong and Lim, 1975) indicateq that Protein intakes are Marging], Particularly
in the femote injang villages,

3. lncreasing the auailability of feeds Jor livestoc: in Smallholders » farms



THE POTENTIAL FOR TRICOMMODITY INT1£ZGRATED FARMING IN MALAYSIA

There is a gréat potential for developing tricommodity integrated farming in Malaysia. There are
at present more than 4,800 hectares of fish ponds in Malaysia®. It is estimated that additional areas
of more than 24,300 hectares, could be developed further for freshwater fish culture and that about
half of this area plus the existing 4,800 hectares could be utilized for integrated farming with crops and
livestock including chicken, ducks and pigs.

Several types of fruit trees and certain short term crops and vegetables which are popularly grown
by local farmers may be integrated into these farming systems. These crops include mangoes, bananas,
oranges, lime cassavas, colocassia, sweet potatoes, Dioscorea, sn¢ “o0ea reptans and other leafy and
fruit vegetables.

PROPOSED DEVELOPMENT PROGRAM

At present, there are no specific government program to provide incentives for farmers to adopt
integrated farming, especially those involving three commodities namely fish, livestock and crops.

The program for integrated farmii.g proposed in this paper is in line with the recommendations
stated in the Malaysian Aticultural Policy® and includes the following:

a. Fish-cum-chicken¢um crop culture.
b. Fish-cum-duck-cum crop culture.
¢. Fish-cum.pig-cum crop culture.

Fish-cum-chicken-cum-crop culture

1. The recommended stocking rate for chicken is 100 per acre {250 chicken/hectare) per 4
months. The average weight of each chicken after 4 months is expected to be 1.8 kg.

2. The stocking rate of fish per acre (a total of 540 fish/acre/crop or 1,350 fish/ha/crop):

5,000 freshwater prawn {(Macrobrachium rosenbergii)
250 grass carp (Ctenopharyngodon idellus)

120 big head carp (Artistichthys nobilis)

100 Indonesian carp (Puntius gonionotus)

peoe

Fish will be harvested every 9 months. A conservative production rate at 0,5 ton per acre/harvest
(1.25 tons/hectare) is expected.

. 3. Certain short term crops may be integrated into this farming system. Such crops could
include cassava, kangkong (Ipomoea reptans) and banana. The vegetative parts of banana, kangkong
and cassava may be used as feeds for fish. Orher leafy and fruit vegetables may also be integrated into
this system,

4. Chicken dung is used as manure, for both crops and fish.

Fish-cum-duck-cum-crop culture

The stocking rate for ducks is 100 ducks per acre per 4 months (250 ducks/hectare) over 2 crops
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per year,

The stocking rate for fish per acre js similar to thz+ ¢or fish-cum<hicken culture,

I"i.s'h-cum-pig-cum crop culture
The stocking rate for pigsis 12 Pigs per acre (30 pigs/hectare) of 2 crops a year,

The stocking rate of fish per.acre (a total of 850 fish/acre/9 months or 2,125 fish/hectare/9
months):

a. 50 grass carp (Ctenopharyngodon idellys)

b. 200 big head curp (Aristichthys nobilis)

¢. 100 silver carp (H_rpopthalmz‘chthys molitrix)
d. 500 Lee Koh (Cvprinus carpio)

The crops recommended are those which are usually used for both pig feeds and for human

consumption, Thege crops include cassava, Colocassza, I)ioscorea, banana ang Ipomoeq sp,
Polyculture of fish in this System encourages maximum utilization of Pond resources, Indonesian
carp and grass carp feed on vegetable matter. Big head carp and silver carp feeq on planktons which

flourish on organic manures from livestock, Common carp (Cyprinus carpio) and freshwater prawn
( 1Ia(~robrachium rosenbergii) are bottom feeders and are generally omnivorous,

CONSTRAINTS AND SOLUTIONS

1. Lack of technical know-how

overcome this problem, At Present, there are Several centers which conduct training for farm.
ivestock, fish and crop production, however what is needed js 5 coordinated pProgram of training
which should include in the curricuium the principle and methods of integrateq farming and methods

The extension workers should also be trained i the varjous aspects of integrated farming,
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2. The need for a coordinated extension service

In Malaysi>. matters related to livestock, crops and fisheries are manceed by separate agencies
although they are under the saine Ministry (crop is under the Department of A viculture; the Depart-
ment of Veterinary services deals with Lvestock, and the Fisheries Department is re-nonsible for inland
fisheries). Thus, the success of this program will depend greatly on the ability of these three agencies
to coordinate their efforts in so far as integrated farming is concerned.

3. Seed supply

Adequate supply of seads is prerequisite for any farming ptogram, The governmenr shouid expand
the facilities to meet the demand for livestock, fish and crop seeds.. These should include increased
seed production, imports where applicable, improved distribution facilities and other related services.

The Fisheries Department still depends upon imports from Hongkong and Taiwan for its supply
of chinese carps fry. The Department must intensify its efforts to produce seeus through induced
breeding techniques. . :

At present the Fisheries Department is embarking on an induced breeding program for Chinese
carps. [Initially, two of the six fish Breeding Stations will be actively involved in this program. In
addition, the government is constructing several Fish Brev:ling Stations and Macrobrachium hatcheries
to meet the demands for seeds

4, Proper incentives for the farmers

To ensure the success of this program, the role of the government should be emphasized. A
smallholder farmer needs proper guidance and encouragement. He also needs capital to adopt the new
technolcgies extended. Adequate incentives should be given to him, These incentives could include
market guarantee for his farm products, fair price and financial support from the government, such as
subsidies and better credit facilities.

To achieve the desired objective, the extension service system should be adequate both in terms of
credibility and staff strength,
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Appendix |

Existing and potentlal areas for freshw. ter fish culture in Peninsular Malaysia

(March, 1979)

Number of fish farmers No. of Acreage of  Potential areas
State ponds in ponds in estimated in
Malay Chinese India Others Total operation acres acres

Perlis 24 3 -_ 8 35 41 18.11 200
Kedah 193 23 - 20 236 458 261.18 30,200
Penang 25 30 1 21 77 135 42,55 120
Perak 1511 1,293 61 48 2,913 4,226 8,120.89 22,000
Selangor 219 213 13 84 529 955 924.85 1,800
Negerl 1,409 308 12 15 1,744 2,486 910,04 1,300

Semblilan
Melaka 189 67 3 5 264 422 152.81 350
Johor 381 309 1 17 708 1,448 585.53 700
Pahang 955 133 6 28 1,122 1,453 892,95 750
Trengganu 227 6 - - 233 295 125.96 ‘1,300
Kelantan 239 8 - - 247 259 115,44 1,600

Total 5,372 2,393 97 246 8,108 12,079 12,150.31 60,320

1 acre is approximately 0,406 hectare

Monthly Inland Fisheries Statistics, Fisheries Division, Ministry of Agriculture, Malaysia, 1979

Appendix ||

Proposed areas to be developed for tricommunity integrated farming in Malaysia

Areas to be developed for integrated farming (ha)

Items Areas available for
fish culture (ha) fish-chicken-crop fish-duckcrop fish-pig-crop Total
Existing areas 4 300 1,600 400 400 2,400
(ha)
Potential areas 24,300 8,100 2,025 2,025 12,150
(ha)
Total 29,100 9,700 2,425 2,425 14,550
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Appendix 1

Projecteq available area under anlmal-cum-ﬂsh‘ Cuiture by 1990

Total pond Area for Area for Ponds With With

Year area mixed farmlng wlth Pouitry duck pigs _
(AC) (AC)! (AC)? (AC)? (AC)*
\\.
1976 11 1263* - -
1977—1980 13,263+ 6631.5 44210

1105.3 1105.3

1980~ 985 15,764% 7882.0 6254,7 1313.7 1313.7
1986—) 990 18,264+ 91320 6088.0 15220 1522 0
1 It is assumed thae with g9vemment €ncouragement and publicity, a¢ least half of the pord ownere wij]
take up mixeq farming under anjmg) um fish cultyre,
Th sh culture,
Th

Appendix Hia

Number of chicken required, eéxpected Production by years

Avaliable Expecteq Fish

Year pond arga No, of Production No; of fish Production
(AC) chicken required (Metric tons) (Metric tons)
1977— 980 442] 442100 750 A, 22,105,000 2105
8. 442,100

c. 530,520
D. 11 05,250
A, 44,205,000 126316
B, 884,200

C. 530,520

D
A

2 crops/year 884200 1500

1,105,250
1981—10g5 5254,7 525470 891 - 26,273,500 2502
B. 525,470
c. 630,564
D. 1,3 3,675
2 crops/year 1050940 1782 A, 52,547,000 5004
B. 1 050,949
C. 1,26] 129
D 2,627,350
1986—199¢ 6088.0 608800 1033 A, 30,440,000 2899
B. 608,800
C 730,560
D. 522,000
2 CPeps/year 1217600 2066 A, 60,880,000 5798
: B
C

D. 3,044,000
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Fish-cum-duck culture in terms of areas available, numﬁer of ducl

Appendix itb

k, expected production by years

Areas Duck expected
Year Available No. of production No, of fish Fish expected
(AC) duck (Metric tons) production

1977~1980 1105.3 110,530 187.5 A. 55,265,000 526.3

B. 110,530
c. 132,636 .

D. 276,325

2 cropu/year 221,060 375.0 A. 11,053,000 1053.0
' B. 221,060
C. 265272
D. 552,550

19811985 1313.7 131,310 2229 A, 6,568,500 625.6
B. 131,370
C. 157,644
D. 328,425

2 crops/year 262,740 44C.7 A, 13,137,000 1251.1
B. 262,740
*315,268
D. 656,450

1986—1990 15220 152,220 258.2 A. 7,610,000 7248
B. 152,209
c. 182,640
D. 380,500

2 crops/year 304,400 516.9 A. 15,220,000 1449.5
B. 304,400
C. 365,280
D. 761,000
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Appendix i

Estimateq Estimateg
Year availaple No. of pigs Production No, of fish Production
(AC) (MT)

19771980 11053 13263 1026.4 A, 55,265 526,3
B. 221,060
. 110,530
+ 552,650

(o]
D
2 Crops/year 26526 20527 A 110,530 1052,7
B. 442,120
C. 221,060
D, 1,105,300
A,
B.
C.

1981—19g5 1313.7 15764 1220 65,685 625.6
262,740
131,379

D 656,850

2,crops/year 31528 2440 . 131,370 1251,1
525,480
. 262,740

1,313,700

A
B
C

1986—199¢ 1522 18264 14133 A, 76,100 7248
B. 304,400
C. 152,200
D. 761,000

2 Crops/year 36528 2827

A, 152,200 1450
B. 608,800

C. 304,400
D. 1 522,000
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State

Perlis

Kedah

Pulau Pinang
Perak
Salangor

N. Sembitan

-Melaka

Johor
Pahang
Trenggany
Keladtan

Total

Appendix v

Integrated farming
Fish-cum-livestock, Malaysia, 1979

Number and acreage of ponds

Fish/cattle

Fish/pig

Fish/poultry

No. Acreage No.

5 2.37
19 11.35
7 8.00
8 5.19
9 9.00
21 9.04
69 44.95

10
34

52

3.38
50.63

0.75

3.75

58.51

& &»n

44

Fish/duck
—_—
Acreage No. Acreage No, Acreage

Others
T No. of

- 3
6.22 4
1.50 —
3.15 —
- 27
028 5
1.27 18
1242 57

1.23

2.14

27.00
5.35
4.86

40.58

Total
- Fish species
No.of No. of
No. Acreage ponds Acreage animais farmers
3 1.23 100 1 Puntius gonionotus,
15 5.75 1,980 6  Cyprinus Carpio,
87 70.34 7,388 23 Ctenopharyngodon
22 18.63 1,875 3 idellus and
14 9.09 535 9 Aristichthys nobilis.
— _ — — —do —
43 39.75 178 5 —do—
31 15.19 349 10 —do—
22 6.13 2,250 11 . —do —
- — — — —do —
237  116.11 14,655 68 —do —

15

Note: 1 acre= 0.405 hectare,
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Appendix v

Imports of Feedstuffs into Malaysia

19701976
1970 1971 1972 1973 1974 1975 1976
Commoditjes - T — e S e — —
Quantity* Values» Quantity Value Quantjty Value Quantity Value Quantit-- Value Quantity Value Quantity vaye
Maize unmiijeq 1116 233 1148 222 1224 23.0 1287 33.1 1519 53.0 166.2 58.7 1377 46.6
Maize for animal
feeding 71.3 13.7 735 133 668 121 748  16.7 64.7 18.7 829 26.4 96.8 32.2
Copra cake 146 2.3 7.10 25 203 29 4.2 0.7 7.3 1.6 13.7 2.7 19.2 4.3
Groundnut cake 8.9 27 14 3.3 128 3.8 133 6.3 121 5.9 16.5 6.6 135 5.2
Rice bran 52.8 8.0 65.0 8.2 667 8.6 61.8 9.9 95.9 19.0 97.3 20.1 10838 236
Prawn dust 3.7 6.1 18 0.2 1.8 0.2 16 0.2 0.8 0. 0.6 0.09 0.2 0.03
Meat mea| 8.8 3.4 104 3.6 124 4.1 5.3 3.7 8.4 5.2 19.1 8.1 114 6.0
Fish meay 115 5.1 9.6 4.1 10.2 4.7 4.3 2.2 2.8 26 10.1 6.0 9.1 54
Cassava refi e 1.3 0.9 6.8 8.6 6.1 0.7 3.6 0.5 11,9 1.9 4.9 0.8 18 0.2
Sago refuse 0.04 0.004 0.003 0.02 0.0002 — - — - - - - - -
Oats, unmijleq 5.0 1.1 3.8 6.8 4.0 0.7 4.0 1.4 4.8 1.7 2.8 1.0 4.6 1.7
Milk, skimmed 4.7 238 3.0 1.9 2.1 25 1.5 2.1 1.2 2.0 4.1 6.0 10.2 104
Total 30034 694 16.63 747 325.42 63.3 30330 768 3628 11'.7 4182 1355 4133 1356

Source: Statistical Digest 1970—-1977

* in metric ton, (103).
** 105 Malaysian ringgir.

Extracted from: ‘Roje of nutrition jn livestock Production’ R.L Hutaga.lung,

Technology for ruraj dcvelopment Seminar, Malaysi, 1878,



following way:

Note:

Appendix Vi

Biological recycling principle

The biological recycling principle in tricommodity Integrated farming may be lilustrated in the

Crops
feed
feed
waste
meal
> Fish €~ > Livestock
manure
Pond s o o= ——-——---------u- - e e wr e e System

Crops = fruit trees,
Secondary Waste leafy vegetables,
consumer fruit vegetables,
tubers, grain crops
% 1\ Livcltqck= chicken, ducks,
pigs, cattle, goat
Primary Fish=  herbivores
consumer omnivores
/* 1\ camivores
Producer
Nutrients <

Fig. 1. Simplified diagram of recycling principle in tricommodity integrated farming

Whole or parts of crops may be used dircctly or converted to feeds for livestock such as chicken, ducks, cattle
and pigs. The vegetative parts of crops may also be used as feed for fish especially for herbivorous fishes like
grass carp and Indonesian carp,

The wastes or washings from livestock may be used to fertilize both fish ponds and crops

Fish meals may also be used as an additional source of protein for the livestock

The waste from livestock decomposes to release mineral nutrients which will enter into the cycle of producers
(Phytoplanktons), primary consumers (zooplankton and some invertebrates) and secondary consumers (small
invertebrates and some fish).
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INTROD UCTIon

extra cash incorye and has helped to improve the efficiency of utilization of farmland not Suitable
for crops for fish ponds, Integrated fish-livestock-crop farming was demonstrateq and encouraged
wharegr Suitable to increase fish yield from pond and Productivity of the farm unit,

brachium rosenbergii and the fish species include Cyprinus carpio, Tilapig nilotica, Tilapiq zillit, Puntiys
&onionotys, Puntiyy orphoides, Trichogas.'er Pectoraljs, Helostomq temminck;, Osphronemys &ouramy
and Carqggjy, auratys,

In addition, farmers who Provide the recommendeq type of tanks are given young freshwater
soft-shelled turtleg (Amydqs onensis) and the young American bullfrogs,

Besides the above stocking Mmaterials, the required materjajg such as Pipes, wire-netting for screens,
cement for the sluice-gates or spillway ang required lime ang fertilizer are also supplieq free under the
Fish Pongd Subsidy Scheme,

TRAINING PROGRAM

Four types of inland fisherjes and aquacultyre training coyrses are conducted for the inlang
fisheries Station and eXtension staff, husbandry teachers, commercia] pond-keapers, fanners/fishennen
and schog] dropouts, There are:

1 Freshwater aquaculture (] month and 2 weeks)
2. Aquarium fish keeping (2 weeks)

3. Coastal aquaculture (2 Wweeks)

4 e and riverines fisheries (2 weeks)
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RESEARCH AND EXPERIMENTAL STUDIES

In addition to the varicus stations that produce and distribute stocking materials and conduct
inland fisheries and aquaculture training courses, there are stations carrying out research and experi-
mental studies. Thess studies are aimed to generate new techniques and improve on existing practices
for controlled breeding, fry production (collection) and aquaculture for selscted aquatic species aiming
to improve th¢ production and stock quality,

In the diversification aquaculture scheme, a number of finfish, crustaceans, mollusks, and other
species are being experimented on, Encouraging results with respect to technology development/
improvement have been obtained with finfish, prawns, frog and turtles. The production of fry under
controlled conditions has been successful with the giant freshwater prawn, the introduced fish, the
pearlspot and experimentally successful with marine prawns. Efficient techniques for fry collection
have been developed for finfish, mullet and marine prawns. The economical feasibility on cage culture
for grouper, seabass, and commercially important indigenous fish is being tried on small farms as well as
on a large commercial farm with the main crop being either fish, livestock or fruit and vegstable crops.
There are many poultry farms today with crocodile ponds which utilize the dead chicken,

Large commercial fish farms have found it profitable to include livestock especially poultry shed
over their production ponds to improve the pond bottom soil and water condition at little cost instead
of purchasing fertilizer, Where fruit trees and vegetables are grown along the pond bunds. the silt from
the pond bottom provides good manure for the crops. The sitting of small units of poultry shed over
the fish ponds has proved of great advantage to rural fish production. Beside the spill-over poultry mash
to feed the fish, the chicken droppings enrich the pond bottom soil to promote growth of organism for
the bottom feeding fish like the common carp. The added nutrients in the water stimulate the growth
of phytoplankton for the mid-water feeding fish especially the Silvercarp and Bighead carp, which
are also issued free to the farmers in addition to the suitable species of locally bred fish. The surface
feeders such as the grasscarp, giant. gouramy and Javanese carp are fed with tapioca leaves, cut grass
and other soft leaves of Calocassia and Ipomea grown in the farm.

CONCLUSION

The simple system of tricommodity integrated rural farming in Sarawak has been fairly successful.
Joint effort of Inland Fisheries and Agricultural Extension staff in the State is maintained, A booklet on
‘Fish Culture’ in Sarawak was prepared by the author as a quide for the Inland Fisheries Station and
extension staff,

The next phase of the development is to encourage the private sector to establish commercial
aquaculture farms to provide the necessary services, such as production of stocking materials to meet
the current and future demand of the many small scale fish farmers.

The State Inland Fisheries and Aquaculture Development is engaged in development of lake
and riverine fisheries whereby the floating cage culture system is introduced to areas with regular flood
problems such as in the Baram District. This development program also includes controlled breeding of
commercially important indigenous fish for supply of fry to the various culture systems and restocking
of the lakes and rivers. With this, we hope to increase the source of animal protein for the growing
Population, as well as the cash income for the fish farmers.
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MAYA F ARMING SYSTEM

by

F. D Maramba, s;.

lNTRODUCTlON

In €xperiments conducted

in the early 1950, by the Land Settlemen
Poration (LASEDECO), it was founq that at Jeast Seven hectares are nesdod
decent Standard of Jiy; i

ibuted under Land Reform
were less thap 2.5 hectares (between 1 0 to 2.5 ha), With the traditionay
are not adequate to provi i

. muost carm
fish that give high yield

4. The Present farm Practices arg wasteful, Studjeg have shown that these Wastes can be cop.
into the very inputs (fuel, feed ang fertilizer) which farmers buy at high prices.

DESIGN oF AN lNTE'GRATE%ROP-LIVESTOCK FISH FARM \ \/

g
May,a Farms, an integrated cro
cessfully experimented

verted

1979 Tevealed that the farm

er had earned p 16,000 af;
N living more comfortably

than the ordinary farmer,



of 1.0 to 2.5 ha crop farmers will be converted into integrated crop-livestock-fish farms. The necessary
capital to be provided the farmers will be paid back without interest from income from the livestock.
It is expected that the farmer will liquidate his account in three years, and that he will have a net income
of # 15,000 to # 20,000 every year, after food expenses.

The integrated crop-livestock fish farm is designed to:

produce enough nutritious well-balanced food for the growing population
attain farm self-sufficiency as much as possible

provide full employment for the farm family throughout the year

attain increased profitability in farming.

Ll ol adi

These objectives are accomplished by:

1. integrating crop-livastock-fish farming to increase the farm activities in such a way as to keep
the farm family busy all day long, throughout the year

2. increasing crop production by multiple cropping, thus keeping the land in cultivation all
year round

3. raising livestock that would feed on the farm products and by-products

4, converting the farm wastes into useful products and control pollution through biogas works,

In the Maya Farming System, the farmland is allocated as follows:

Irrigatec Rainfed Irrigated Rainfed

Cropland 1.00 1,00 6.00 6.60

Fishpond 0.02 - 0.60 -

Ipil-ipil grove 0.10 0.12 - -

Livestock and biogas works 2.02 0.02 0.15 0.15

Home lot 0.03 0.03 0.10 0.10

Roads and pathways and canals 0.03 0.03 0.15 0.15
Cropping System

In the irrigated farms, two crops of rice and one crop of corn are plantsd in a year. Eight plots
are prepare® and planted successively at one week intervals, Usually rica planting starts in June (see
Chart I). As soon as the first rice crop is harvested in the second week of Octobsr, the plot is again
prepared and planted to rtice. This is succeeded by the other plots every week until all the plots are
planted. After the harvest of the second crop of rice, corn is planted successively in the same manner.

The rice crop requires 19 weeks and corn 14 weeks. Hence, two crops of ricé and one crop of corn
would require 52 weeks. This way, the land is continuously cultivated, land preparaticn is simplified
and energy requirements are materially reduced.

In the rainfed farms two crops of corn and one crop of rice are planted (Chait . The first crop
of com is planted in mid-April, every week successively, until the three plots ars planted. The rice
crop is planted after the corn harvest and the second crop of corn is planted after the rice. It should be
notsd that in this way the land is vacant for about 5 weeks
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Cultural Requirernents
The following are the Steps to follow in rice culture:

Cut the corn stalks close to the ground
Apply compost

Soak the sojl thoroughly (do not flood) for about 3 days

Flood the paddy with ¢ inches of water for 5 days

Drain the Paddy to 3-4 inches deep

Rotovate with drag harrow pulled by carabao orby walkiag tractor with arowheel attachement
Flood Paddy to 4 inches deep

Prepare ‘dapog’ seedlings

Three to five days after the last flooding, vzss Peg-tooth harrow along and across the rows
10.  Flood abecut 4 inches deep for 3—4 days

11. Drain to 2 inches deep

12, Level by ‘suyod’ (animal-drawn harrow)

13, Transplant seedlings (10- 12 days old)

14, Imigate Pregressively following the growth of 4. seedlings

15, Weeq every 3 weeks

16, Twenty days before harvest, start diaining the paddy

17.  Five days before harvest, the Paddy must be free from water

18. Harvest by scythe close to the ground

19.  Thresh the harvest

20. Dry the palay

.‘09".\’.‘7‘9‘:"'."’50.""

The sequence of Operation for corn are:

1. Furrow the field

2. Plant the comn immediately
3. Irrigate

4. Weed every three weeks
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In the comn crop culture, all land Preparation is eliminateq except the furrowing of the field,
With continuous cropping, only one land preparatjog is needed which is done before rice Planting,
By pulling the weeds instead of plowing them under, the field will relatively be cleaner at the time of
harvest; hence there will be no need of plowing and harrowing the fields before planting corn, This

System will redyce Povrer requirements to only about 203 of what js usually required,
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Piggery

The piggery is raised from the original one sow unit in the farm to the size necessarv for recycling,.
which is, four sow units for a 1.2-ha farm and 24 sow units for the 7-ha farm. Assumed production is
2 litters per sow per year, giving 10 porkers and 6 breeding gilts per sow per year. The porkers are sold
at 7-8 months old, with an average weight of 80 kilos per head.

Cattle

The number of cattle to be raised depends on the area of cropland in the farm. It has been found
that the weeds and crop residues from one hect.re, and leaves from 1000 m? of giant ipil-ipil (Leucaena
leucocephala) will provide all the forage needed by three large animals, Therefore three head of cattle
could be raised for every hectare of croplanu. The cows are used to produce milk and the steers are for
beef.

Ducks

There shall be as many ducks as the number of pigs plus 5 times as many as the number of cattle.
The ex«ess breeding ducks are sold after they are 6 months old. The drakes are sold for meat,

Fish

The size of the fish pond depends on the amount of water available. Rainfed areas may not have
sufficient water to maintain a fishpord. Liquid sludge from the biogas works is used to fertilize the
growth of algae which serves as food for the fish. The shell fish for duck feed is raised in the fish pond.

Biogas Works

Manure is used ‘as raw material for the biogas works, In small farms the bicgas produced is used to
cook the meals, light their home, iron their clothes and operate a gas refrigerator. In large farms, there
will be enough biogas to pump water, grind and mix the feed, run an electric generator, etc. In large
stock farms, only 40% of the biogas is needed on the farm. The rest can be used to light a neighboring
barrio and/or small industry.

The solid sludge. is processed into feed material rich in the growth-promoting vitamin B12, This
constitutes }0% of the pig feed, 10% of the cattle feed and 50% of the duck feed. The liquid sludge
flows to the irrigation ditch to fertilize the crops in place of chemical fertilizer. The overflow from the
rice field is used to fertilize fish ponds to grow algae and zoo-plankton to feed the fish.

The Ranch

The allocation of one hectare pasture per head of cattle in z ranch is based on the capability of the
Pasture to grow enough forage during the dry season. During the rainy season, there will be more forage
than is needed by the cattle. But usually a large portion of the ranch is eroded and/or too steep for
Pasture, 5o it is grown to trees to serve as windbreak and shed. Tests show that ipil-ipil leaves can bx used
as feed for cattle to the extent of 20% for breeding animals and 30% for finishing. Maya Farms found
that these areas may be replanted to giant ipil-ipil. The leaves are fed to cattle during the dry season
when there is not enough forage. The trunks are made into charcoal for gas producer for power needs.,
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There are nNumerous creeks in the ranch which may be dammed to Serve as fish ponds, Manure jn
the night canga] may be collecteq to produce biogas which May be used a5 fuel for Pumping the excesg
water for irrigating Part of the pastyre,
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' DEVELOPMENT OF REGIONAL COMPLEX UPLAND FARMING=
TWO SUCCESSFUL CASES IN HOKKAIDO, JAPAN,

by

Tadashi {Enma

INTRODUCTION

Presently, agriculture in Hokkaido is in the era of systematized regional farming. The inherent
tendency towards the development of monotype large-scale farms which deviate from the diversified
type seems inevitable because farmers have long been seeking for scale merit, which stems from farm
specialization. Farmers are aware of the scale merit not only for its economic benefits which are mcre
than that obtained from crop diversification but also of other factors. Several factors have been instru-
mental in the establishment of simplified large.scale commercial farms in Hokkaido. These factors
include the effects of the exodus of large number of farmers since 1960, the beginning of the country's
economic growth and prosperity; extension of mechanized farming; wide enactments of government
policies for subsidy, crop insurance, and price stabilization system and; the rise of various types of
farmers’ cooperative organizations.

The transition from the small-scale diversified farms to commercial farms with large-scale special-
ized enterprises has had a strong impact on the country’s regional farming, First, it led to the regional
recycling of animal wastes to balance the over-and under-supply of organic materials among each indivi-
dual farm in a certain area. Second, it has motivated the establishment of various farmers' cooperatives
which helped solve the labor shortage in farms and prevented over-investment in farm machinery and
other equipment. Third, it promoted the industrialization of regional farming which fulfilled the farm-
ers’ desire to process their own farm produce for higher profits.

The two cases presented here are good examples of farming which had led to - :~.essful regional
specialization through recycling of animal manure and effluents from the processing factories to main-
tain soil fertility. One case shows the formation of cooperative groups to maximize the supply of farm
labor and the use of farm equipment without individual over-investment; another shows the industriali-
zation of agriculture through individual processing of farm produce at higher le' - for higher profits.
These regional farms were initially faced with difficulties vet emerged sucressful paralleling or equalizing
the modern and intensive farming in highly advanced indusirialized count. .as.

CASE I. NAKASATSUNAI-MURA— A REGION WHICA AIMED TO SYSTEMATIZE
FARMING THROUGH FARM COOPERATIVES

Nakasatsunai-mura, a relatively small village, is one of the 20 villages in the Tokachi Plains of
Hokkaido, It has a population cf 3,800 with 290 farms. The average landholding per farm is 22 hect-
ares. The total tillable land area is 6,500 hectares which are planted to the following crops: beans—
1,800 ha (27.7%), potatoes—-1,000 ha (15.4%), sugar beets—900 ha (13.8%), wheat—400 ha (6.2%),
and forage crops—2,200 ha (33.8%). The village is also famous for its livestock industry, with 450,000
broilers, 200,000 layers, 15,000 hogs, and 3,400 dairy cows.
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Initially, the village was divided into three agricultura] districts based on the previoys experiences
On agricultura] output and the effects of severe cold weather opy Crops in certain areas,

The leaders of the CoOperative realizeq that to solye surch tremendoys problems would necessitate
the Organization of the three districts into One systematjc Production upjt under the Management of
the agricultyra) Cooperative, Thjs was agreed upop to avoid individug] problems in each djstrict by
working together ina complementary Mmanner,

Recycling Farm System

The recycling farm System was creareq i 1972 as a rosu)t of the fusion, The agriculturg] coopera.
uilt a lease-type poultry hoyse which coulq accommodate 100,000 layers and subsequently leased jt
to five member farms, To utilize fully the collected amount of chicken dung of 4,000 tons annually,
with the Jeast cost, the ¢OOoperatiyg designed the slurry system, By this method, the chicken dung js
diluted with 40% water, fermented; and stored for Sometime pefare i is applied in member farms,
Through the slurry system, the COoperative was abje to solve the large accumulations of chicken dung
in each farm, and fully made use of jt as effective fertilizer, thys aveided possible public criticism,
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disposal of the anima] Manures through the‘slurry System. Severa) slurry systems were built in Strategic
locations of the village (Fig. 2),

The farm Machinery center buys chicken dung from farmers at 3¢ 125 per ton (approximate'ly
US$0.57), and cattle apg hog manuyre at ¥ 50 ( US$0.23) Perton, In return, the center charges chicken
slurty materia}s for ¥ 775 (Us$3,5) per ton, and 2 799 (US$3.2) for cattle and hog slurry per ton, and
an additionga) delivery and SPraying cost of 3 650 ( Uss$2.9),

adopted to solve this problem, The by-product Potato dregs were converted into Potato proteins for
animals, angd to which corp raised in the farms were added to make feed Concentrate, This locally made

product js solq at ¥ 45 per kilogram, a little cheaper thap the commercially available concentrates
for cattle,

The rendering Plant, whijch treats dead animals for disposal, Produces waste Products which tan
be used a5 animal protein Supplement ang as fertilizers, Figure 3 shows the system of circulation of

The present Cooperative hag been Successful in helping farmers in Producing, Processing and
Mmarketing thejr OWwil farm produyce, Now a days, all the farm produce are processed intg 4 new and more
profitable form to give more Profits to thg farmers, [; has also endeavoured to Provide employment
to the familjes of member farmers,

CASE 1, REGIONAL lNTEGRATED FARMING IN SHIHORO-CHO, A POTATO
PRODUCING AREA

Shihoro-cho is one of the largest potato Producing areas of Japan, The town has 5 Population of
7,000 with 2,700 farm families, There are 580 farms with an average landholding of 22 hectares per
family, 1¢ has a total of 12,600 hectares of tillable lang Planted to forage crop (37.6%), potato (22.2%),
Sugar beet (13.3%), wheat (9.4%), soybean (6.7%), Azuki beang (5.4%), and kidney beans (5.3%).

6%,
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The Agricultural Basic Law in 1971 which aimed at establishing regionalized farming throughout
the country greatly affected the agricultural set-up in Japan, especially in Shihcro-cho in Hokkaido.
The town leaders, following instructions to develop a regional and specialized farming, decided to
improve and expand large areas of land for potato cultivation, to be sold as starch or table potatoes and
ultimately tc process them to maximize profits,

The agricultural cooperative's first project was the establishment of a large potato processing
complex— the first of its kind ever built in Japan. The process included the use of radioactive Cobait
60 to prevent the early germination of potato seedlings, thus prolonging storage. With this process,
potatoes can be taken out of storage during off-season and sold at higher prices.

The successful development of Shihoro-cho as the country's ‘Potato Kingdom’ was mainly due to
the following:

1. The agricultural cooperative selected only capable staff, mostly university graduates of agri-
culture, to manage the organization,

2, Members were encouraged to invest cash by offering interests higher than the commercial
bank rates.

3. It leased all its machinery and equipment to farmers, hence more money was invested in
the cooperative.

4. The local government and the cooperative helped each other in taking advantage of the
subsidy from the national government.

5. The management staff promoted the latest available technology in the production and pro-
cessing of potatoes.

How the agricultural cooperative succeeded in monocrop farming without losing soil fertility is
described in the following section.

Feedlot Cattle Project

Tha development of the potato areas resulted in the excess of acreage far beyond the normal
requirements for the long range scientific crop rotation. As a result, the need for fertilizing the soil
with animal manure became essential. To solve the shortage of animal manure, the cooperative members
agreed to raise feedlot cattle to serve as sources of organic matter, Initially, they preferred beef cattle
because of the small amount of pasture they need and the less complex management they require
compared to dairy cows.

Shihorocho has a small-scale slurry system with a piling floor for manure attached to the cattle
barns. The farm users are organized in small groups of 10—-20 member farms surrounding the feedlot
cattle sheds. Each of these farms has a total acreage of 250—500 hectares. The facilities and equipment
for storing, mixing, delivery and spreading of these fertilizers are located in ths feedlot cattle barns and
leased to farmers.

The cooperative purchases barn manure from member farms at the rate of % 1,000 per ton. On

the other hand, it charges ¥ 100 (US$0.50) for every ton of slurry materials applied in every farm and
an additionai cost of about 3 1,700 (US$8.5) for spreading and delivery.

.91 .



At present, there are 12 leased feed]ot cattle farms in the town, sheir locationg are shown in
Fig. 4. These farms are major sources of organic fertilizars, The cattle shed's have two kinds of barns:
one js a nursery for the newly born or newly purchased male calves (steer), ar 4 the other is the fattening
shed for fu]] grown steers, The nursery barns ygs saw dust and bark of irees for flooring, while the
fattening sheds utilize slacked drain boards for easy and convenient collection of manure for slurry
purposes, The nursery barns alone ¢an produce a total of 1,500-1,700 tons of organic Manure annually

The agricultura) Cooperative later realizag that it had been Spending large amounts for purchase
of steers for the feedlot farms, To avoid this expenditure, jt establisheqd: large-scale dairy farms that

and has leaseq them to deserving and qualifieq member farmers, Fortunately, it was during these years
that the government encouraged large-scale and modern farming through the Agricultura] Structure
Improvement Prcject and Dairy Modernization Laws, The CoOperative took advantage of these oppor.
tunities in building its own modern and large-scale daijry farms, with at least 100 cows per farm,

could reach some of the grassland farmg of its Mmembers, where the wastes are Spraysd by a rain-gun,
free of charge,

The present Cooperative helps the farmers by Providing al] the necessary equipment needed for
the maximum Production in the livestock ang crop farms, angd facilities (i.e., potato Storage houses
Processing plants anqd starch factory) for storage, Processing and marketing thejr Produce in 5 more
profitable form of commodity, (the agricultura] facilities and other real Properties of the Cooperative
are summarizeq jn Table 2), The Cooperative leases al] the facilities ang equipment to prevent individy;)
over-investment by the farmers,
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Fig. 4. The location of beef cattle fattening centers in Shihoro-cho
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Table 2. Reglonal agricultural facllities owned by the Shihoro Agricultural Cooperative

Construction

Kinds of facilities year Sizes and capacitles
Drying facllity for wheats '68—'70 1,364 m2 24 t/hr; 1,300 t/year
Potato starch factory '55 9,346 m2; 1,800 t/day
Cobalt 60 application facility '73 1,912 m2
Potato storage '69—'78 17 storage; 45,236 m2
Grading house of potatoes 74 3,900 m2:240 t/hr
Potato chips factory 73 3,501 m2 material potatoes 50 t/hr
French fry factory '73 2,782 m2 material potatoes 20 t/hr
Sugar beet storage '69 Storage capacity 100 thousand tons
Cooperative use pasture '71-'73 347 ha; pasturing 600 head; shed feeding

in winter 200 head

Collecting facility of beef cattle '70-'72 3,016 m? 500 head
Beef cattie fattening centers '70 12 places; one place 400—500 head
Cooperative dairy barn '62
Slurry stores and manure deposits '76—'78 9 places; slurry store, manure deposit place
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BACKGROUND

tracted in solvent plant; the defatted brap is fed to chicken, ducks and pigs; the droppings of chicken
are added to the feeq of the pigs; pig droppings anqd duck droppings are ussd to feaq fish, and finally, the
sludge from the fish ponds j5 used to fertilize Crops. In this manner a non-waste system for utilization
of residues js evolved which, apart from the majn Product rice, generates large amounts of protein for
human consumption (y;, chicken anq duck eggs ang meat, pork and fish), while at the same time
avoiding environmenta) pollution,

———

. This project js based on the rice mill cyp farm complex operated by M/S Kamo| Kij Co., Ltd, in Pathum Thap;
Provinee of the Kingdom of Thailang, about 3¢ kilometery ¢ the north of Bangkok, T Project could not have
been written Up without the kind Permission of My, Kamjaj lamsuree, the Proprietor of the concem, to observe the



THE PROJECT

Nature: Agro Industrial
Title: Integrated rice mill, chicken, duck, pig, fish, and farm complex
Time Span: Continuing
Physical Boundary: Located in Pathumthani Prcvince, Thailand,
Rice mill area: 120 rai; farm and livestock area: 30 rai
Cost! : Resources used: land, buildings, equipment, machinery, vehicles plus labor and
management, etc.; Bht, 123,640,000
Resources consumed: paddy, seed material, etc. Bht. 212,015,000
Working capital: Bht. 30,000,000

Products and Values' :
Product Quantity p. a. Value (Bht.)
Rice parboiled 29,450 tons 126,635,000
Rice white polished 11,880 tons 83,160,000
Rice brokens polished* 2,870 tons 7,175,000
Defatted bran polished® 2,490 tons 4,980,000
Rice bran oil 690 tons 7,245,000
Rice husks 31,000 tons 3,100,000
Bricke 3,600,000 nos 900,000
Chicken 2,000 nos 48,000
Ducks 4,000 nos 60,000
Pigs 6,200 nos 8,680,000
Hens' eggs 1,200,000 nos 1,200,000
Ducks’ eggs 1,680,000 nos 1,680,000
Fish— Pla Duk 20,000 kg 320,000
Pla Sawai 65,000 kg 650,000
Pla Nil 8,000 kg 64,000
Farm produce* Lumpsum 20,000
Total 245,917,600

Remarks: By integrating the milling of rice with the raising of poultry, pig and fish farming, waste it
eliminated and a total utilization of resources is achieved, Part of the products marked with
an® viz. rice brokens, defatted bran and farm produce are recycled and used as feed.

1 US$ = 20 Baht

! Costs and values are not actuals, but have been calculated at assumed rates for purposes of illustration,
This total is made up of (i) labor and management Bht, 18,500,000 and (ii) inventory Bht, 100,140,000.
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Resources Used and Consumed

1. Directly

Rice Mill:

Land

Buildings

Machinery and equipment
Vehicles

Furniture and fittings
Cunny bags

Paddy bought

Husks bought

Electricity

Solvent make up per year
POL, repair maintenance

Total

Bricks kilns: Land

Machinery—- extruder
Clay

Total

Chicken, ducks, pigs:

Fish:

Farm:

Land

Buildings

Machinery— mixer, bio-gas
Vehicles

Piglets bought

Chicken bought

Ducks bought

Medicine

Fish and kathin leaf powder
Broken rice

Total
Land
Fingerlings bought
Total
Land

Machinery- tractor
Seed material

Total

Labor and management:

Labor (including social security)
Management

Total

Grand total
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(Baht.)
7,500,000
30,000,000
40,000,000
5,000,000
1,000,000
6,300,000
200,000,000
60,000
3,000,000
400,000
350,000

Bht. 293,610,000

750,000
1,000,000
25,000

Bht. 1,775,000

100,000
6,000,000
325,000
1,200,000
3,000,000
212,000
210,000
500,000
200,000
4,122,000

Bht. 15,747,000
750,000

48,000

Bht, 798,000
65,000

150,000
10,000

Bht. 225,000

13,200,000
300,000

Bht. 13,500,000

Bht, 325,655,000



2. Indirectly

The mills depend on the public road system and the river and barges for transportation of raw
materials and finished products and at the state electricity system for its requirements for operating the
mill and for pumping water from the subsoil and/or river.

Products and Residues
1) Products derived directly from'the farm complex

a. Rice is the most important product of the milling of paddy and constitutes about 66 per
cent of the paddy. In this project, about 70 per cent of the rice produced is parboiled and 30 per cent
is white polished rice. The entire quantity of the rice produced is sold.

b. Rice brokens. About 5% and 10%, respectively, from parboiled and dry rice is produced as
brokens. A portion of the broken rice is used as feed for chicken. ~vcks, and pigs, but the most of it
is also sold.

¢. Rice bran is another by-product from the milling of rice. This contains from 15% (white
rice bran) to 24% (parboiled rice bran) vegetable oil.

d. Rice bran oil, which is extracted from the bran by the solvent extraction process, is another
product. It is sold to be refined and used as cooking oil.

2) Products derived directly as residues

a. Rice husks form an important residue and constitute about 20% of the paddy. In this project
they are all burned to produce steam required for a) the steam engine, b) the process of parboiling
(heating the soaking water and for parboiling itself), c) drying parboiled paddy and, d) bran-oil extrac-
tion. Sometimes, when input is less than normal and the husk is not sufficient to produce steam for the
engine to run the mills, the mill uses electric power purchased from the generating authority. A major
part. of the steam is used to dry parboiled rice, about 120 tons per day against the daily production
of about, 250 tons. Part of the drying is done under the sun, with paddy spread out on large drying
platforms,

b. A residue of the buriing of husks is waste heat in th2 blue gases. This was used on an experi-
mental basis to dry paddy of about 20 tons, The experiment has been successful and it is proposed to
extend it to recover a'i the waste heat from all the blue gases in 'energy conservers,’ a system of slightly
inclined horizontally rotating cylindrical steel kiln on gears.

c. 'The ‘black ash,’ residue left after burning the rice husks, still contains about one-fourth
energy in heating value in the form of carbon. This black ash is utilized to make bricks, by mixing with
clay and firing in the kilns, along with some husks. A production of 3.6 million bricks per annum can
be achieved.

d. The residue left after burning in the brick kilns is ‘white ash’ which is a almost pure silica and
sold for making insulators and abrasives.

e. Defatted bran is the residue from the zolvent extraction plant and is used to feed chicken,
ducks and pigs.
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3) Products derived indirectly utilizing residyes

By utilizing the redidues createq directly from'the farm complex, important products are Created
indirectly;

6,000 hens-. stock reneweqd every 1% to 2 yearg (at 2kg weight)
7,000 ducks- stock renewed every 1% to 2 years (at 2 kg Wweight)
6,000 pigs— stock renewed évery 6 months (at 100 kg weight)

The output js:
3,000 retired hens and 1,440 eggs Per annum

3,500 retireq ducks and 1,680,000 €995 per annum
12,000 Pigs per annum

plant nutrients, The Purposs is to grow Crops in the fish ponds after the figy are harvested. This has

C. Crops Maize, Sugarcano, Pineapple ang bananag are grown on aboyt 30 fai of land, N,
Paddy is grown because the land s not suitable for paddy. The vegetative parts of these crops, (e.g.
i r this purpose, The produce of corn, ba.

d. Residyes As described above, all the residues createq are utilized to Substitute for fuel for
Producing process Steam and burning bricks, to feeq Poultry, ducks and fish and to fertilize farm land,

There are ng residues to affect neighborhood Crops, figh, habitat etc. as no wastes— éxcept blue
gases, from which heat js recovered— are voided into the atmosphere, land or water. The voidance of
the blue gases does not, in the ambience Prevailing near the mill, Cause any ajr pollution,
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Resources — Exhausted/Deplcted/Deterjorated

There it no exhaustion, depletion or deterioration of resources in this project. Resources brought
in from outside are fully utilized.

The resources brought in from outside, mainly paddy, would to an extent, cause depletion of ths
soil nutrients in the fields in which it is grown, but as the growing of paddy is an operation outside the
project no account of it is taken here,

The limited growing of crops such as maize, sugarcane, bananas and pineapple, attempted in this
project does not cause any depletion of the soil nutrients in the small area shown because the nutrisnts
are made up by the use of fish pond sludge.

Resources Enhanced
Significant enhancement of resources is achieved.

The utilization of husks to provide heat through the burning of 35,000 tons of husks totally
eliminates a ‘waste’, which is thus converted into an enhanced asset and yieldiny an energy resource. It.
saves 22,400 tons of coal or 23,578 tons of firewood which would otherwise be required to raise steam.
This amount of firewood would have needed 4,721 acres of land for its production. Calculations of the
coal/firewood equivalent and of the area of land that would have been required to raise the firewood are
shown in Annex III.

The further combination of black ash also results in savings of coal and fuel wood that would
otherwise have been required for brick-making. The amount of saving has not been separately computed,
bsing contained in the energy in the husk already computed.

The white ash left after black ash is burned further is almost pure silica and conserves an equivalent
amount of the mineral that micht otherwise have been used up.

The recovery of rice bran oil creates an equivalent amount of vegetable oil and an equivalent
acreage of land required to cultivate the necessary oil seed is saved. It has been estimated that to preduce
the 690 tons of cil produced, 11,361 acres of land would have been required, an area that is thus made
available for alternative uses.

The utilization of de-fatted bran and chopped vegetable matter to feed chicken, ducks and pigs,
results in saving an equivalent amount of feed material that would have otherwise been necessary for
producing their eggs and meat.

The utilization of chicken droppings for pig and fish feed and of duck and pig droppings for
fish feed similarly becomes an enhanced new resource, saving equivalent amounts of the usual feed
material,

The resulting increased availability of proteins for human consumption represents an enhancement
of food resources,

Sludge from the fish ponds and biogas generator goes to fertilize farm iands where crops are

raised and is therefore an enhanced resource replacing an equivalent amount of fertilizer that would
otherwise Lave been necessary.
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Required Additional Project Components for Resources Restoration, Maintenance,
and Expansjon (Potentia) Activities)

Little additional components can be envisaged in the particular project, However, a comment of
Wwider import, Mmay not be out of place,

As 2 part of the Project, an eXperimental smaj) demonstration farm, combineq, with the raiging
of chickens, Pigs and fish has been Jajq out, and has begp shown to yield a profit of nearly Bht, 30,000
Per year as follows:

Receipts Expenditures
30 pigs (weight 2,000 kg.) 30 piglets
Baeas o 45,000 ®Bht.300 ..., . 9,000
12,200 eggs Pigs’ feed mea}
®Bh. 1 ..., 12,200 Bht, pigday ..., . 25,200
40 chickens 40 chickeng
®Bht.20 ... . . . 800 ®Bht.55 ..., . 2,200
1,400 kg Nilotica Tilapia Chicken foed meal
@Bht. 8 ., . e 11,200 Bht, 0454ay .. . . 6,570
3,000 Sugarcane 5,000 fingerlings
®Bht. 1. .. . .. 3,000 ®Bht.020..., . 1,000
6,300 corn (3 x per year) Sugarcane (1 X per year)
®Bhe. 1. 00 6,300 Smi@300 ., 900.
Corn (3 x per year)
S rai @ Bht, 500/rai ., , , , 4,500
Totd............ 78,500 Total ......... .. 49,370
Netineome ... Bht, 29,130
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SUMMARY—DECISION MAKING

1. In this project, a rice mill is integrated with chicken/duck/pig and fish raising and with a small
vegetable farm. Paddy is milled to produce rice and the waste products (rice husks) are burnt to provide
the process heat required for parboiling paddy and this avoids the necessity for bringing in fuel from
outside. By-products of the milling is rice bran from which rice bran oil is extracted. The de-fatted
bran along with other residues such as broken rice, paddy floor sweepings. etc. are fed to chickens,
ducks and pigs, and these are totally converted into protein for human consumption in the form of
meat and eggs. Chicken coops are built over the pigsties and chicken droppings go to feed the pigs. The
pig droppings and duck droppings are fed to fish, thus producing more protein. Finally the fishpond
sludge is used to fertilize qrowing vegetables representing more food. Vegetable residues are fed to pigs
and ducks, thus achieving total resource utilization. The total value of the products is Bht 245,917,000,

2. The value of resources used and consumed is (i) inventory, Bht 100,140,000 (ii) labor and
management, Bht 13,500,000 (iii) stores and supplies consumeci per annum, Bht 212,015.000 making
a total of Bht 325,655,000. The project has no indirect effects on the neighborhood crops, fish etc.
Attempts are being made to recover wasted heat and particulates from the blue gases.

Valuable residues created in the project include rice, rice bran and rice bran oil, rice husks which
in turn are used to provide process heat, for making bricks and for feeding chicken, ducks, pigs and fish
‘which in turn provide fertility to a small area growing crops.

3. There is no exhaustion, depletion or deterioration of resources in this project.

4, Through total utilization of resouices, significant enhancement of resources is achieved:
fossil fuels and/or firewood are saved by the burning of husks; acreage which would otherwise have
been required for growing oil seeds is freed. The quantum of protein available for human consumption
is increased by raising poultry, pigs and fish.

5. Returns from the enhanced resource obtained through utilization of residues are summarized
as follows:

22,400 tons of coal or 23,587 tons of fuel wood saved per annum

11,361 acres of land freed from growing oil seeds per annum

3,600,000 pes of bricks produced per annum

2,000 chicken and 4,000 ducks per annum

6,200 pigs; 1,20C,000 hens’ eggs per annum

1,680,000 ducks' eggs and 93,000 kg. fish per annum plus about Bht, 20,000 worth of farm pro-
duce.

6. It is necessary to disseminate as widely as possible the methodology adopted in this project

which achieves total elimination of waste and significant enhancement of resources. The methodology
can be adopted similarly in large-scale operations as in this project as well as in small size family farms.
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Appendix |

Cost/benetit assessment
(Envlronmont addltlonalltlos)

In this Project the main costs comprise all the expenditures required to establish and separate

the rice miy, Also to be computed are the additionaj expenses to be incurred in dealing with the varioys
wastes, viz, husks, defatted bran, etc, in an envlronmontally sound manner,

measures for thejr hand ling and disposai.

Slmllarly, the avoldance of Poliution by utl'llzlng wastes in a chain ot consuming organisms repre.
sents an important environmenta| tactor pius of course adding to the total avallabliity of proteins,

Appendix |j

Eniarged cost/benefit presentation?!

Costs Benefits
Bht Bht
{I) Costof land; buiiding, ecuipment, GDP of products:
Machinery, vehicles ete, for the Rice ............. 216,970,000
miii and farm R T 100,140,000 Ricebranop , ., | <« 7,245,000
(1) Labor and Mmanagement per annum , , 13,500,000 Bricks. .. ... e, 900,000
(i) Stores and supplies consumed per Chicken ., e, 48,000
annum. .., ... e, 212,015,000 Ducks............ 60,000
{lv) Cost of disposai of residues viz, Pigs .......... . -+ 8,680,000
husks, black and white ash ang Hens' eggs , , , ++«. 1,200,000
bran in an envlronmentally Ducks'eggs , , , . . . -+ 1,680,000
sound manner (jf they ware Fish ., ... "rreeee. 1,034,000
not fully recycled)? Farm produce ., , | . 20,000

Deduct cost of :
Effiuent disposaj , , . « N

Add value of additionajitjes created?
22,400 tons ot coal or

23,578 tons ot firewood

11,361 acres of land treed from
vegetabie oif seeds Cuitivation

! Thisis not 5 commercial balance sheet

Monetary value, not computed
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Appendix 1l1

Computations

Calorific value of rice husks = 3,200 kcal/kg!
Calorific value of coal (non-cooking) = 5,000 kcal/kgl
Tons of coal required to replace 35,000 x 3,200
35,000 tons of rice husk = — = 22,400 mt?
5,000
Calorific vatue of fire wood = 4,750 kcal/kgl
Tons of firewood required to replace 35,000 x 3,200
35,000 tons of husks 2 — = . 23,578 mt?
4,750
Average growth of fuel wood per 3
acre per year = 5mt
Acreage required to obtain 23,587
tons of fuel wood per year = 23,587 = 4,721 acres
Average yleld of oil seeds (sesame) = 300 kg/ha“
= 121.45 kg/acre
Acreage required to produce 780 mt 780 x 1,000
of oil, assuming an extraction of =
50%° 121.25 x 0.5
= 12,844 acres

Values of calorific values adopted by various authoritics are found to vary within very wide limits.
Averages from several sources adopted,

Important: In this computation the fact that the burning efficiencies of coal and husks when burned
to raise steam are very different has been ignored.

From Sccond India Studies: Encrgy. K. S. Parikh. Macnillian, New Delhi.

Averaged out from FAO production statistics.

§ Authorities give 41% to 65%. An avcrage of 50% adopted.
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Appendlx v

Flow diagram of rice mill/farm compiex

Hot water & steam #— Produced by burning husks

Paddy Purchased

Pius

Parboliled, dried and milled

———————

| |
Rice Rice brokens Rice bran Husks Burnt
soid , '
Black ash
?g?g 20% Solvent extraction Plus clay
] | L
| Defatted Rice bran
Fed to bran oii sol Bricks
m \ m sold a2
{ 1 -
Eggs Live birds Dropplng; Droppings Live birds Eggs
————
sold sold /’ | sold sold
Fﬂd to Fﬂd to e ——
«?
Pigs
l Live animals , I Droppings ,
Biogas sold
7 / Fed to
[ |
l Fish
sooking Cooking [———— Fed to
feed deceased [ —
*—
animals '.._ Fertilize
LSold j LSIudge vegetables
Sludge
to farm
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AN ECONOMIC ANALYSIS OF THE INTEGRATED CROP-LIVESTOCK-FISH
FARMING IN TAIWAN,
P

by

Chaur ShyanE._ee

INTRODUCTION

_ Presently, there is an increased awareness in Taiwan of the importance of integrated farming,
especially in srop-livestock-fish farming. From the view of production efficiency .or productivity,
the use of farm resource is highet in integrated farming since the amounts of inputs are increased and
the factc~ substitution is eased. On the other hand, from farm income aspect, the proportion of farmer's
income from agricultural sector is higher in integrated farming. The results of a study on economic
analysis of integrated farming and separate farming enterprise are discussed in the following sections,

This study was undertaken with the view of making a comparison of economic aspects of integrat-
ed farming with that of the separate enterprises. The specific objectives of the study were as follows:

To examine the impact of different types of farming on resource use

To analyze the benefit-cost ratio of different types of farming

To measure the production efficiency and farm income in different types of farming

To compare the efficiency of the integrated crop-livestock-fish farming with that of the
other types of integrated farming and separate enterprises.

Lol ol o

INDICATORS FOR COMPARATIVE STUDY OF ECONOMICS OF
VARIOUS FARMING SYSTEMS

A number of indicators can be used for economic comparison of the different types of integrated
farming and separate anterprises.
1. Benefit-cost Ratio

Benefit-cost analysis has become increasingly popular and useful since it can compute the direct
and indirect costs and benefits of a specific enterprise. The easy way to measure the benefit-cost ratio
of the specific enterprise is :

K:._:_E_ M

where FE stands for the farm earnings and PC represents the production cost; FE is equal to the differ-
ence between farm receipts and production cost.
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2. Rate of Farm Income

The rate of farm income is also the indicator which can measure the preduction efficiency in the
agricultural sector. Rate of farm income is computed using the formula:
Fl

R‘E—R- (2)

where F| is the farm income and FR is farm receipts, From the point of farm management, FR is
equal to farm income and farm expenses. Based on equation (2) we can see that the larger the rate of
farm income, ceteris Ppuribus, the greater the Production efficiency,

3. Factor Productivity

Factor productivity is a reciprocal concept of production efficiency and can be measured by
output per unit of input, Setting the farm output as Q, the input of cultivated land as D, the input of
labor as N and input of capital as ¢, land productivity and capital productivity could then be explained
by Q/D, Q/N and Q/C, respectively, Actually, factor productivity can be aerived by the relationship
between factor productivity and factor-factor ratio. For example, labor productivity can be explained
by (1) the relationship between labor productivity and land produc ivity and per labor land input by the
following formula

Q D
DA e

and (2) the relationship between labor productivity and capital productivity and per labor capital input
by the following expression

Q/N =

n,o

L (4)
N

From equation (3) we can see that f the per capita land input (D/N) is held constant, then the
increase in labor productivity (Q/N) in this case js entirely the contribution of the increase in land
productivity (Q/D). As indicated from equation (4), if the per labor capital input (C/N) remains con.
stant, then we gan say that the increare in labor productivity (Q/N) is totally the contribution of the
increass in capital productivity (Q/c).*

4. Elasticity of Substitution

With the two factors of production, labor (N) and capital (C), the elasticity of substitution is
represented symbolically by

o =__(C/N) diN/C) ()

"N/'C) d(fc/fN)

Q.2 N 9 o ¢ B 2@ Db g o N
Land productivity: DN D' D o ) Capital produciivity; c°p’ TN s

108



where fyy and .. are the marginal product of labor and marginal product of capital, respectively. The
elasticity of substitution is the proportional change in the relative factor inputs toa proportional change
in the marginal rate of substitution between labor and capital. The elasticity of substitution is one of
the important indicators in measuring the production efficiency (or technological change). If-e is larger,
then a given change in the ratio of marginal products is associated with a larger change in the labor-
capital ratio than that of a smaller e.

A CES (constant elasticity of substitution) production function was applied to measure the
elasticity of substitution for this study (see Appendix 1).

THE DATA AND SCOPE OF THE STUDY

The data used in this study were taken from the farm survey undertaken by the Department of
Agricultural Economics, Provincial Chia Yi Agricultural Junior College in 1979. This study included
175 farm households which were selected from the 320 farm households in the original survey. The
sample included those engaged in different types of farming in the Southern area of Taiwan. The types
of farming selected for the study were: crop, fish, livestock, crop-fish, crop-livestock, fish-livestock,
crop-livestock-fish. A sample of 20-25 farm households were selected for each type of farming.

RESULTS OF THE STUDY
A. Characteristics of Integrated Farming in Taiwan

Economic aspects are emphasized in this study. The structure of farm income, sex, age and
educational level of farm operator, and farm labor requirements were used to explain the general sit-
uation of different types of farming. Table 1 shows that the degree of diversification was higher in
integrated farming and the diversity index in separate enterprises never exceeded an index of 2. The
intearated crop-livestock-fish farming had the highest diversity index of 2.59, followed by the integrated
crop-fish, fish-livestock and crop-livestock farming, with an index of 2.19, 2.06 and 2.04, respectively.

Table 1. The structure of farm income and the degree of diversification of ditferent types of farming

The structure of farm income

Pattern Diversity index
Crop (%) Livestock (%) Fish (%) Others (%) Total (%) (%)
Crop 95,29 - - 471 100.00 1.10
Fish 291 13.71 83.37 0.01 100.00 1.40
Livestock 6.71 87.67 - 6.16 100.00 1.29
Crop-fish 46.73 5.74 46.32 1.21 100.00 2.19
Crop-livestock 48.79 50.27 - 0.94 100.00 2.04
Fish-livestock 2.00 55.72 41.72 0.56 100.00 2.06
Crop-livestock-fish 23.19 50.10 24 .58 2.13 100.00 2.59
Diversity index = ! = !
( Value of each product \2 Yi\2
Value of total product ) ; § 1(7)
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The labor requirements per hectare in integrated farming are higher than that in the separate
enterprises; the simpler the type of separate farm enterprise (except livestock), the less need for labor
per hectare. With respect to the family and hired farm labor distribution, the family labor played a

Table 2. Farm labor requirement and its structure in ditferent types of farming

Grand total Family and hired labor Family labor

Pattern Man-day % Family % Hired % Male % Female %

man-day man-day man-day man-day
Crop 269.83 100.00 217.73 80.69 52.10 19.31 159.86 73.42 57.87 26.58
Fish 230.61 100.00 205.70 89,20 24,91 10.80 135.91 66.07 76,17 37.03
Livestock 969.46 100.00 828.01 85.41 141,45 14,59 478.92 57.84 349,09 42,16
Crop-tish 365.71 100.00 313.20 85.64 52,51 14,36 188.64 60.23 124,56 39,77

Crop-livestock 463.96 100.00 418.08 90.11 45,88 9.89 267,61 64.01 150.47 35,99

Fish-livi.stock 570.71 100.00 51245 89,79 58,26 10.21 341,60 66.66 170.85 33,34

Crop-livestock- £29.34 100.00 554,78 88.15 74,56 11.85 322,66 58.16 232.12 41,84
fish

B. Resource Use jn Integrated Farming

The scarcity of land resources in Taiwan requires year round utilization of land for crops and
livestock, Past experience shows that the smaller farmers more effectively increased their multiple.
croppihg index to maximize the use of their farm land and sustain their levels of living,

The average man-equivalent per hectare in Separate enterprises (except livestock) is lower than in
the iategrated farms (Table 3), We can see that the integrsied crop-livestock-fish had the highest average

man-equivalent per hectare of 1.85 among the integrated farms; fish-livestock, crop-livestock and crop-
fish had a man-equivalent of 1.71,1.39 and 1.04, respectively,

the enterprise is separated or integrated. The amount of farm capital input per hectare is higher on
integrated farming than on separated ones as also shown in Table 3,

C. Economic Analysis of the Integrated Farming Enterprises

Integrated farming in Taiwan has significantly affected 1) benefit-cost ratio and rate of farm
income and 2) factor productivity and elasticity of substitution,
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Table 3. Resource use in different types of farming

Land area  Average man-equivalent  Laoor requirements Capital inputs

Patterns (ha) per hectare per hectare per hectare
(man-day) ($NT)
Crop 1.09 0.73 269.33 85,385
Fish 2,24 0.69 230,61 89,207
L.ivestock 1.07 2,76 969.46 340,977
Crop-fish 1.78 1.04 365.71 107,968
Crop-livestock 0.82 1.39 463,96 110,739
Fish-livestock 1.56 1.7 570.71 131,203
Crop-livestock-fish 1.88 1.85 629.34 140,054

1. Benefit-cost ratio and rate of farm income

Integrated farming increased not only the overall agricultural output but also the family farm
income. Table 4 gives the benefit-cost ratio and the rate of farm income of different types of farming
in Taiwan. It is very difficuit, however, to give a general estimation of the total fa. "'y farm income
including the off-farm income, since the extent of off-farm income can be increased der ending on how
many members of the farm family work outside the farm.

From the viewpoint of farm income, the benefit-cost ratio is highly related to the different types
of farming. The simpler separate farming enterprises showed lower farm income and benefit-cost ratio
than that of integrated farming (Table 4). The rate of farm income increased, ceteris paribus, with
increase in the diversity of farm enterprise. The lowest rate of farm income (41.31) was obtained on
crop farm and the highest (62.99) on fish-Jivestock farm.

Table 4. Benefit-cost ratio and rate of farm income of different types of farming

(1) (2) (3) ] (5)
Patterns Farm receipts Production Farm income Ratio farm income Rate of farm income
cost = (1) —(2) production cost = (3)/(2) x 100
= (3)/(2)
Crop 145,472 85,385 60,087 0.7037 41,31
Fish 170,055 89,207 80,848 0,9063 47,54
Livestock 732,047 340,977 391,070 1,1469 53.42
Crop-fish 222,485 107,968 114,517 1.0607 51.47
Crop-livestock 262,417 110,739 151,678 1.3697 57.80
Fish-livestock 354,546 131,203 223,343 1,7023 62.99
Crop-livestock- 350,299 140,054 210,245 1,5012 60.02

fish
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2. Factor productivity an'd elasticity of substitution

From the farm survey data, the integrated

the factor productivity which
survey in southern area in Tai

related to land productivity, labor productivity

productivity per h

ectare increased considerably

such as integrated farming,

u

farming showed a certain significant relationship with

varied among the different types of farming. Average data from farm
wan in 1978 indicated that the different types of farming are closely +

of integrated fish-livestock farm has advanced remarkably, owing to
: 1) the increase of production per hectare, and 2) the profitable prices of fish and

compared with the price of crop.

ctivities are usually conceived as the important indicators of the level of economic

Factor prod
efficiency of production in small farming in Taiwan, One important implication from the foregoing

analysis should no

W be clear: integrated farmin

g has made significant contribution to the aqrowth of

land, labor and capital productivities, Hence, policy makers should put attention on how this type of

farming enterprise could be more effectively pro

With respect
the cross-sectional
types of farming.

sectional data from farm survey.

moted to the farm sector,

to the elasticity of substitution, we used the static CES production function in using
data in order to examine the elasticity of substitution of production on different
The equation was estimated by ordinary least Squares regression based on crogs.

Based on the analysis of factor productivit

ical effects on the

Productivities of resources in

With the relative increase in capital inputs (or
capital inputs were significant substitutes for la
considerably utilized in the integrated farms,

The results are shown in Tables 6 and 7.

ies as mentioned above, it is very clear that technolog-
different types of integrated farming were significant,
farm expeises) and relative decrease in labor inputs,
bor inputs and the labor saving technology has been
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Table 5. Productivity and factor-factor ratio in different types of farming

Per labor Per capital Per capital Per hectare Per labor Per hectare Land Labor Capital
pat capital input labor input hectare input capital input hectare input tabor input productivity productivity productivity
atterns .

C/N N/C D/C Cc/O D/N N/D Q/D Q/N Q/C

(NT$/manday) (manday/NTs) (ha/NT$) (NT$/ha) (ha/manday) (manday/ha) (NT$/ha) (NT$/manday) (NTS/NTS)

Crop - 316.44 0.0032 0.00026 ‘ 78,335 0.0037 269.83 145,472 539.13 1.70
Fish 386.83 0.0026 0.00050 39,824 0.0043 230.61 170,055 737.41 191
Livestock 351.72 0.0028 0.00006 318,670 0.0010 969.46 732,047 755.11 215
Crop-fish 295.23 0.0034 0.00028 60,656 0.0027 365.71 222,485 608.37 2.06
Crop-livestock 238.68 0.0042 0.00015 135,048 0.0022 463.96 262,417 565.60 237
Fish-livestock 229.89 0.0044 0.00024 84,105 0.6018 570.71 354,346 621.24 2.70
Crop-fish- 22254 0.0045 0.00021 74,497 0.0016 629.34 350,299 556.61 2.50

livestock
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Table 6. Rasults of estimation of the CES

production tunction

Patterns By B, B3 Bs F R n
Crop 0.1952 0.3847 0.4888 —0.3668 11.1368 0.6762 25
(0.6431) (0.9558) (—0.9888)

Fish —0.1602 1.0438 0.0629 —0.1112 46,4974 0.8927 23
(11.7141) (0.4238) (—0.5724)
Livestock 1.1637 0.8904 —0.4472 0.3423 28.2473 0.8412 21
(6.6221) (—1.8612) (2.9875)
Crop-fish 1.1744 0.9590 —2.2724 0.1813 30.4164 0.8753 20
(0.4722) (—0.8556) (1.4837)
Crop-livestock 0.5833 0.5580 0.2666 —0.0698 18.3976 0.7753 20
(0.8158) (0.4049) (—0.1542)
Fish-livestock 0.3100 0.7096 0.2615 0.0351 109.3408 0.9535 20
(9.4976) (1.4917) (—0.4018)
Crop-livestock- —0.1709 0.6844 0.4292 0.0027 31.9684 0.8888 21
fish (2.8038) (0.9213) {0.0077)
Notes: 1) Estimated based on CES production function (sce Appendix 1)
2) t-value in brackets.
8) n s the number of farm household.
Table 7. Estimated parameters of the CES production function
patterns 2 R v r) T R2 S
Crop 1.5676 0.4404 0.8735 3.4032 0.2271 0.6762 0.1128
Fish 0.6951 0.9432 1.1067 3.7471 0.2107 0.8972 c.1414
Livestock 58.0337 1.9978 0.4482 0.7662 0.5662 0.8412 0.1469
Crop-fish 149417 13967 0.6866 1.9532 0.5120 0.8753 0.1170
Crop-livestock 38312 0.6767 0.8246 0.7743 0.5636 0.7753 0.1534
Fish-livestock 2.,0419 0.7307 0.9712 0.3668 0.7316 0.9535 0.0823
Crop-livestock-fish 0.6748 0.6146 1.1136 —0.0205 1.0209 0.8838 0.0998

Note: Computed based on Table 6.
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CONCLUSION

Integrated farming contributed to the maximal use of farm resourges such as farm land, labor and
capital, and resylteq to larger farm income, higher factor productivities ang 4 more equitable distribution
of farm labor,

grated farming, Frem the view point of pioduction efficiency and farm income,'fish-livestock farming
in Taiwan js ‘nore profitable than that of other integrated enterprises, However, in the factor substity.
tion measureq by the elasticity of substitution, the integrateq crop-livestock.fish enterprise appears to pe
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Appendix 1. The derivation of the CES production function

The static CES production function is
Qe LKCP + =k PN TP (1)
Where Q, C and N represent output, capital and labor, rospecﬂvoly; the four parameters aré 7,
k, v and p, where Y stand for a scale parameter, k is the distribution parameter; v represents the degree
of homogeneity of the function or the degree of return to scale, and p s the substitution parameter

equal to (1 — g)/0, where C is the elasticity of substituion, Then we can compute the 0, where 0 =
11 + 0.

The logarithmic transformation of the CES production function is
log Q = logy — v/plog [ ke P+ (1—K NP (2)
The major prob|erh with this production tunction s how to obtain an estimate of the parameters,
v, k,vandp given data on output, capital and labor input. A simple least-square method cannot be esti-
mated directly to equation (2), since the term [k C P+ (1K) NP} contains undetermined parameters.
A more simple estimation of the parameters of the CES production function Is possible if we
replace equation (2) by its approximation that Is linear with respect to p. BY using Taylor's Series

Formula, (1) expanding log Q around p = 0, and diopping the terms involving power of p higher than
one, (2) then we can obtain.

|ogQ=Iog1+vk|ogC+v(1—k)logN—-llzpvk
(1 —K) [ tog C — 109 N} 2 (3)

The unrestricted version (3) can be estimated empirically as follows:
log @ =By + By logC + B3 log N+ B, (log € —log N2 (4)
The parameters of equation (3) are related to the coefficients of equation (4) as follows:

~ = antilog v=fp+ ‘?3
k= By/Bp + B3 p= —264 By + B3)/By - B3

Thus we can use ordinary least scuare to estlmatevthe.coefﬂclents of equation (3) from cross
sectional data.

(1) The Taylor's series expansion of f(x) about the point x = a can be written as
2 3
(x—a) (x —a)
f(x) = f(a) + (x — 2) £ (a) + — £ (a) t— " (a)
—aP
+(x a} f(p)(a)+Rp+l.

Where R p+l = remainder.

(2) Sec J. Kmenta, On Estimation of the CES Production~Function International Economic Review, June 1967,
pp. 180—192.
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Comment: With Japaness experience, capital-productivity Usually goes down if. farmers increass or
include more enterprises in certain farm sizes; lang productivity Mmaybe increassd, You mentioned

A, Comparison was made on the same basis per hectare: a3 such, Produciivity from livestock enter-

- 118 .



~ UTILIZATION OF HOG WASTES IN  TAIWAN THROUGH
ANAEROBIC FERMENTATION

by
C. M.|Hong*, M. 7| Koh*, T. Y.Chow*, P. H.h‘_sai** and King-Thom\ghung***

INTRODUCTION

In Taiwan few studies have been done on hog management, especially the freatment of hog viastes.
The production of methane through anaerobic fermentation of hog wastes was practiced during World
War I1?, but its importance was not recognized until 1970.

Biohazards of water pollution caused by hog wastes have been ignored by the public. In recent
decades, the size of hog raising farms in Taiwan has rapidly increased! 3 and pollution problems caused
by hog wastes are getting serious. In 1973, the government of the Republic of China placed restrictions
on water pollution, limiting the biological oxygen demand (BOD) and suspended solid (SS) of waste
water to 200.ppm.

In 1974, the Union Industrial Research Institute, Hsinchu, Taiwan (UIRI), invented the red mud
plastic (RMP) for building the anaerobi¢ digester for treatment of hog wastes®. Many improvements
have been made since then, and the RMP has proved to be very practical.

If the RMP bag is used as the digester of hog wastes, and if the duration of hydraulic retention
lasts 15 days, each hog requires a space of 0.3 m3 for the digester. The BOD of the effluent can be
kept below 160 ppm, thus preventing water pollution. If the methane produced is completely used
for fuel, the total investment can be recovered within 5 toO 9. months. This is the most econcmical
method for the treatment of hog wastes. The general aerobic treatment would cost US$30-50 per hog,
not counting the cost of electricity. In the United States, the lagoon system is the most commonly
used method but it requires a space of 12 md for each hog*. Such, requirement of big space is not
feasible in.a land.limited country as Taiwan where the method of anaerobic treatment is economically
worthwhile. The RMP can also be used for cover on the anaerobic lagoon, providing for methane
recovery.

The methane generated through the anaerobic digestion of hog wastes can be used directly for
fuel. For a family of five, 7 head of hogs will provide sufficient methane for house fuel. Methane
can replace propane gas completely. Methane can also be used to generate electricity by modification
of the carburetor.

The effluent from the anaerobic digester can be used for the cultivation of green or blue-green
algae which can be harvested for animal feed. Spirulina platensis is cultivaied successfully jn Taiwan
for this purpose.

*  Taiwan Livestock Research Institute, Hsin-Hua, Tainan, Taiwan 712, Republic of China.

#s  Tainan Fish Culture Station of Taiwan Fishery Research Institute, Chi-Ku, Tainan, Taiwan 724, Republic
of China.

s#s  Department of Biology, Tunghai University, Taichung, Taiwan 400, Republic of China.
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It has been estimated that the methane produced from wastes of 5 million hogs will tota] 315
million m3, equivalent to 2,9 x 1012 Ky (Ray, M. H., Personal communication), Ag such, the methane
produced from hog wastes will be 15-20% of the annual natural gas produced in Taiwan. The sub.

materials are transferred into new cells. The large Quantity of methane can be collected as an energy
source gince it is not water soluble,

energy produced by the methane is, therefors, 1820 Kcal (7220 BTU). If the duration of hydraulic
50-60 kg). The BOD decreased from 6690 ppm to 160 ppm when the duration of hydraulic retention

lasted 19 days (Wang, H. H, T. H. Liu, C. M. Hong and M. T. Koh, 1976. Special report on the 2nd

(#According to the report of Yen and Wang'”, the effluent after the anaerobic fermentation of
hog waste contains nitrogen 1,00g/] (0.11%), P05 0.148¢/1 (0.01%) and K50 0.911¢11 (0.09%).
Since the nitrogen content is high, it i a good fertilizer, This finding has been confirmed through the
field experiment?
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CHARACTERISTICS OF WASTE WATER AND METHOD OF CLEANING

Composition of waste water from the pizgery

The major components of waste water coming from the piggery are feces, urine, wash water, feed
residues and grasses. The quantity and quality of waste water are affected greztly by the amount of
fecal and urine excretion and the amount of water used for cleaning the piggery. The amount of water
uged for cleaning the piggery varies significantly according to the structure of the piggery. This point
will be illustrated in more detail in the later part of this section.

Total waste water and its characteristics

According to differences in the stiucture of piggeries, the amount of water needed for cleaning
the floor varies. In Taiwan, red brick and cement are commonly used and the amount of water used
for cleaning the floor is about 5 to 15-fold of the amount of animal excreta.

If apitis constructed below a slotted floor, there is no need to wash the floor and the wash water
will be much less. If it is a trench style, the amount of water needed for cleaning can be controlled.

At the TLRI, the amounts of feces and urine produced by a hog with an average body weight of
60 kg are 1.32 kg and 3.12 kg, respectively, per day. The characteristics of the feces and urine are
as follows: total solid, 34.5% and 0.25%; volatile solid, 25.7% and 0.15%; COD, 314,778 ppm and
7,493 ppm; BOD, 55,271 ppm and 3,016 ppm; total nitrogen, 8,619 ppm and 3,698 ppm; aramonia
nitrogen, 767 ppm and 257 ppm; volatile acid, 14,882 ppm and 688 ppm.

Flush tank system of cleaning

The flush tank system was developed at the Michigan State University in 1970*. It has been used
successfully for maintaitiing the cleanness of the piggery. This flushing tank system includes a) the
water reservoir, which automatically controls the amount of water used and, b) the slanted pit under the
slotted floor. This system has many advantages. The hog wastes drop to the slanted pit automatically
and the wastes can be removed outside of the piggery so that the piggery can be kept odorless all the
time. A minimum amount of water is needed to clean tue slotted floor. The hogs are not directly in
contact with the wash water, thus, the spread of pathogens is minimized. There is 10 electricity cost,
and the labor cost is also minimum.

It is recommended that the flushing pit under the sotted floor should have a 2% slant. The
surface of the pit should be smooth nd painted with urine-resistant agents (polyurethane products).
Most of the building contractors recommend to erode the surface of the pit with hydrochloric acid
before painting. There should be at least 23 cm (9 inch) between bottom of the first slot and tha surface
of the pit in order t0 flush water smoothly.

The last six feet of the pit should be in pan shape in order to collect three-quarters of the washing
water. There should also be a pipe with a diameter of 15 to 21 cm (6 to 8-uch) in order to drain all the
animal wastes to the digester. In the gestation houses, farrowing houses and nursery houses, cleaning
twice a day is sufficient to keep them free of odor. In the finishing houses, cleaning should be done
three times per day by an automatic control system since those animals produce moie wastes.
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:ANAEROBIC TREATMENT OF HOG WASTES WITH RMP DIGESTER

Usually a big area or space is required for the treatment of hog wastes, and the biogas produced
through such treatment containr. a considerable amount of water steam and hydrogen sulfide. Special
attention should be given to the material used for the construction of the digester. The material should
be inexpeniive but resistant to erosion in comparison with cement, brick or sheet steel. The RMP
invented by the UIR! is used by the Taiwan Livestock Research Institute (TLRI) and has proved to be
a very good material for the digester,

The characteristics of RMP are as follows:

a) primary material: red mud and wastes from the aluminum industry.
b) physical properties: resistant to erosion by acid, alkali or salt solution, The results of aging
tests are shown in Table 1,

A, The RMP Digester
The most recent model is shown in Figure 1 .and is described below.
1. Ipput pipe

A 20 to 30 cm (8-12 inch) plastic pipe should be used for the input of wastes and should be
immersed in the waste at least to 15 cm depth, This will prevent methane from being released.

The crude cellulose material is not easy to be digested and tends to block the entrance., Therefore,
at the entrance there is a well which can be used to clean up the cellulose material before it enters into
the swine digester.

2. Farmenter and gas storage bag

As indicated in Figure 1, the fermenter is tiie main component of the digester, and the gas storage
bag iz on top of the digester. The size of the fermenter is determined ?' the number of hogs times
0.3m3. For example, for 20 heads of hogs, we need a fermenter of 6 m¥. The fermenter should not
be too big. If there is much waste to be treated, multiple chambers can be connected by plastic pipe.
Usually, tho efficiency of the multiple-chamber fermenter is better,

The RMP-built digester should meet the requirement of farmers. If the amount of hog wastes
does not vequire a big fermenter, one single digester will be economical and practical. The multiple
chamber-digester is more costly and elaborate to operate, but the efficiency of fermentation is better
than the zingle fermenter. The multiple chamber-digester is more suitable for a big farm. The anaerobic
fermentation can be divided -into two stages: the first stage is acidogenesis which occurs during the
first 12 to 24 hours, and the second stage is methanogenesis which occurs within 100—-200 hours after
the first stage. The size of the multiple chamber-digester can also be divided according to the two stages,
one for acidogenesis and the other for methanogenesis, Since methane is produced at the second stage,
the ratio of the size of two fermenters is about 1 to 8. On the other hand, the multiple chamber-digester
provides more surface area, which may help to absorb solar energy. So the ideal model of RMP digester
should be insulated, and there should be devices for heating and agitation, On the northern side of
the digester, a soil wall helps prevent cooling by wind in the winter time. On the southern side of the
digester, a simple solar energy collector is useful for heating during the winter. The constant temperature
fermentation can thus be maintained.
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The gas storage bag can be incorporated with the digester as one bag or can be separated from
the digester as an independent bag. The gas st~zdge bag can be installed near the kitchen. The biogas
can be transferred over a long distance by the plzatic pipe.

3. Effluent pipe

The diameter of the plastic effluent pipe is 4 to 6 inches and is located about 5 cm lower than the
input pipe on the opposite side of the digester. The effluent pipe is also immersed into the fermenter
to 15 cm depth in order to prevent the escape of methane through this outlet. Both the input and
effluent pipes should be in fixed positions in order to maintain the constant inflow and outflow.

4. Methane pipe

On top of the biogas storage bag, there is a plastic pipe with a diameter of 2 inches. This pipe
is used for transporting the biogas to its place of use. Near the digester the pipe has an outlet to its
downward portion which can drain off the condenssd moisture. This outlet is immersed in water as
described below.

5. Safety device

A simple device is employed to prevent the breakage of the fermenter due to heavy pressure
generated through anaerob:. ferventation of the wastes, The methane outlet pipe near the digester is
inserted into a bottle which contains at least 10 cm depth of water. When the pressure of the digester
is gfeater than that of the water pressure, the biogas will be released.

6. Cleaning tubes

Some organic material settles at the bottom of the digester to form sludge, which has to be cleaned
out once every two years. In Taiwan, the sludge may be cleaned out during heavy rain: by blocking
the effluent and letting large quantities of rain water flush through the digester and discharge all the
sludge through this cleaning pipe. The sludge can also be removed by a pump. If the digester is very
long, another cleaning outlet may be placed in the middle of the digester.

Gas pipe

Entrance ry— ﬁ To kitchen
4 Effiuent / I

Biogas reservoir
j 272
Bl 2

Device

Fermenter,

Settling well
=pmceme Cleaning pipe

\_ ' J)

Fig. 1. Typical RMP digester
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Table 1. Results of aging tests of red mud plastics*

Aging test* duration

837 nours " 1787 hours 2500 hours 3200 hours 3517 hours 4200 hours
0 (4 years) (8.5 year<) {12 years) (15.2 years) (16.7 years) (20 years)
Resuit tensile elasti- tensile elasti- tensile elasti- tensile elasti- tensile elasti- tensile elasti- tensile elasti-
strength city strength city streng'th city strength city strength city strength city strength city
(kafcm?) (%) (kgfcm?) (%) (kg/em?) (%) (ko/cm?) (%) (kg/cm?) (%) (kg/cm?) (%) (kg/em?) (%)
Materiais:
Red mud plastic
(RMP) 0.5 mm thick 1394 320 146.2 330 167 250 1874 200 - — 1745 2090 — -
T-11
RMP 0.5 mm thick . 1416 304 153.2 300 166 350 1986 210 - - 1856 204 - -
©T-13 :
RMP 0.5 mm thick 140.5 300 134 280 164.7 310 1869 180 - - 1753 180 - -
T-17 ’
RMP 0.5 mm thick 136.5 272 151.2 260 167.2 350 i784 250 - — 1795 220 - —
T-18 '
PVC 0.5 mm thick 149 312 1328 250 91.5-21.6 205 — - - - - — o —
(13% of CaCO3). (fragile)
PVC transperer;t
0.5 mm 114.3 374 116 340 875 120 - - - - - — - -
T-20 {fragite)
RMP 1.2 mm thick 1738 344 - - — - - - 160 320 - - 1585 260
C-20

* By using a Weather-0-Meter, at temperature 40—60°C. irradiated with an Arc for 51 minutes, sprayed with water for 9 minutes.



Instaliation

The installation of the swine waste digester is outlined in Figure 2. The first step is to prepare
a pit appropriate for the digester. The size of the pit should be slightly larger than the digester. The
input and effluent pipes should be attached aftor the digester is placed into the pit. After3to 4 days,
the animal wastes can be discharged into the digester. The pit is usually filled with water before the
animal wastes are discharged into the digester. The water surrounding the digester may help the digester
to be expanded completely and lessen the tension which is exerted on the entrance and effluent pipes.

er is set up in the summer time, fermentation will be initiated immediately.

If the anaerobic digest
In the winter time, inoculation of the digester with fermentation liquid from an old fermenter may

-— alon anaarnhin fermentation.

Entrance Effluent

Fermentor

1) Pit digging

2) Ptacement of entrance and effluent

- Animal ==

wastes ey

3) Addition of water to the pit.
4) Filling the digester

Compression
(stone)

5) Fermentation 6) Collecting biogas

Fig. 2. Installation of RMP digester
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Maintenance

As indicated in Table 1, the 1,2 mm thick RMP digester can be used for at least 20 years. No
leakage has been detected since installation of this digester several years ago. Broken parts can be
easily repaired. The area around the broken part shouid be cleaned and patched with a piece of RMP
using a strong adhesive (Nanpo resin, Hyaoron NP 30 and hardening agent). The repaired part should
be kept dry until it is completely hardened.

It is indicated that the effluent recycle will increase the methane production (5 to 10%) in the
RMP digester®, The introduction of leachate (from vegetable or sweet potato vines etc.) into th : meth-
anogenic stage also results in increased methane production over the digesters without leachate. When
methane is needed, a little pressure exerted on the biogas storage bag (i.e., placing a rock on top) will
move the biogas to wherever needed.

The BOD of the effluent is only about 160 ppm. A small lagoon with water hyacinth will further
reduce the BOD of the effluent.

There should be another water outlet right before the entrance to prevent the rain water from
entering the digester during the rainy days.

The Anaerobic Lagoon with RMP Cover

In the United States, the treatment of piggery waste can be summarized as follows: a) slotted
floor ——» oxidation ditch ~—-% lagoon; b) slotted floor ——> pit ——3 lagoon, or;c) piggery
-—> lagoon. We can see that the lagoon is used for each kind of treatment of piggery wastes.

There are several advantages of using the lagoon for waste treatment. The lagoon system is simple
and inexpensive. The maintenance cost is minimum. In the United States each farmer owns more than
S0 acres of land so the space requirement for the lagoon is not a problem. Since Taiwan is a smali
island, agricultural land is limited. Using space for lagoon is uneconomical on the one hand. On the
other hand, there are some defects of the lagoon system, For example, pollution of the underground
water and odor from the piggery wrastes are two of the more serious problems.

The space requirement of lagoon for each pound of hog is 2 ft3. For example, for a farm with
100 head of hogs, the size of the lagoon should be 2 ft3 x 100 x 200 = 40,000 £t3 = 1,200 m3; that is,
for every 100 head of hogs, a 1,200 m3 lagoon is needed. If a RMP cover is placed on top of the lagoon
to form an anaerobic lagoon, the odor and flies on the animals wastes can be eliminated. The anaerobic
lagoon should not be built on sand or limestona soil but on impervious soil. If under special conditions
the lagoon has to be built on sand or limestone soils, a distance batween the lagoon and.the nearest
well should be at least 45 meters.

At the University of Illinois, Champaign-Urbana, there is an anaerobic lagoon 15 m by 30 m by
1.5 m with a plastic cover. A pipe is constructed on top of the cover, and methane is thus recovered.

UTILIZATION OF METHANE

Methane can be used for various purposes. Singh measured the amount of methane required
for different purposes,

According to Singh'*, about 0.4 m3 of methane is needed per person per day (calculated for
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cooking food and water), Fora family of five persons, 2 m® of methane per day is sufficient. According
to the estimation of Chung et al! 03 m3. of methane will be produced per day from the wastes of 90
kg hog. These data are in agreement with the practical case on a small farm in Taiwan. During warm
seasons, for a family of five, 7 head of hogs will provide sufficient methane for household fuel, In
winter when temperature is below 22°C, the amount of methane produced is below the need of 2
tamily of five.

Sy methane is not essily stored, it is better 0 use methane where it is produced. Methane
can be transferred through pipes. With an air pump and constant pressure at 4 kglcmz, the methane
can be transported to any distance.

Because of the inexpensive RMP, the, production of methane from hog wastes through the an-
aerobic digester is quite worthwhile. For the treatment of wastes from one hog, a 0.5 m° RMP bag
costs only about NT$300. This amount of {nvestment can be recovered within 5to0 9 months.

The TLRI has modified the water heater which consumes methane' ©. It can replace the propane
gas completely. The result is shown in Table 2. Water pumps can also be operated on methane instead
of gasoline as direct fuel, but the carburetor of the watet pump has to be modified. In a test conducted
at the TLRI, a 5.horse power engine fitted 10 a 4-inch water pump consumes 2.1 mo of methane pet
hour to pump out 34,1 mo animal wastes for irrigation. In other words, for every cubic meter of meth-

ane, 16.3 m? animal wastes can be pumped.

The TLRI also conducted a test t0 generate electricity by methane, The carburetor of the engine
should be replaced with a modified inlet which can be operated on methane’ . The modification of the
carburetor is shown in Figure 3. Using methane to generate electricity is quite applicable with a
engine. The largest engine tested was 25 KW.

Due to the presence of hydrogen sulfide and saturated steam in this biogas, the engine can easily
rust. Special attention should be given toO prevent the engine from corrosion. Elimination of hydrogen
sulfide will certainly be helpful. Usually a small amount of gasoline will help eliminate this problem.
At the TLRI one angine has been used for four years and no problem sO far has been detected.

Table 3 lists the quantitative relationship between the amount of methane consumed and the
electricity generated by using 2 KW, 10 KW and 25 KW engines* °.

s —

1US$ = NT$ 36.

Table 2. Amount of methane consumed for water heater*

Temperature of water (°C)
Item e /—"_’———_
40 50 60 75 90
Amount of water heated (1/min) 17.4 9.4 7.0 4.9 29
Amount of methane consumed (1) 34 60 114 180 197

*  The testisdoncat air temperature of 2_9°C and water temperature of 27°C
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fable 3. Relationship between amount of methane consumed and electricity generated

Amount of methane Electricity Amount: of methane
Engine consumed per hour - yenerated consumed for each kwh of
m3/hr) (KW) electricity (M3)
2KW* 0.95 1.2 0.792
10KW* S.00 9.5 0.947
25KW** 22.50 25.0 0.900
* An old engine ** A brand new engine
Air inlet =77} [_,1:’3)
: [ ~ Leoonee Methane control valve
Q=== -=m=- Methane inlet
: N""J
)
)
Air control valvé‘"" Y,
3
E temeemm-- Automatic vaive

Fig. 3. Modified intets for methane driven generator9

CULTURING OF ALGAE

The effluent from the: RMP anaerobic digester contains a significant amount of nitrogen, phos-
phorous and potassium, which can be used to cultivate algae. Algae provide a high protein source
for animals. Besides, the BOD can be further decreased by the growing algae. The BOD of effluent
from the lagoon of algae will, therefore, be reazonably low, which meets the requirement of the water
pollution .control. Two examples will be discussed here: one is a farm at Ellinwood, Kansas, where
green algae is cultivated by the effluent of an anaerobic lagoon; the other is the cultivation of blue-green
algae from the effluent of RMP anaerobic digester at the Tainan Fish Culture Station of Taiwan Fishery
Research Institute (TFRI).

A. Cultivation of Green Algae

There are three piggery buildings with a total number of 2,600 head of hogs. One-third of the
floor of the piggery is slotted and the other two-thirds is cemented. There are five lagoons. The hog
wastes are discharged to the first three lagoons for anaerobic fermentation. The fourth and fifth lagoons
are used for the cultivation of green algae. The pea-soup (wet algae) or the dried algae are used for
animal feed. The first lagoon receives the hog wastes from the piggery, the hog wastes then overflow
to the second lagoon. The waste water and well water are then pumped into the third lagoon with a
ratio of 3 to 5. Then, the wastes are introduced to the 4th and 5th lagoon and inoculated with the
green algae. The color of the wastes in the third lagoon is red orange. It takes about 65 to 85 days
for the growth of algae before they can be harvested. During harvest the algae are precipitated in a
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,500-gallon chamber t0 which zluminun hydroxide i added. The procipitatod algae is then pumped
to a storage tank which {s transferred to the piggery for teeding. The supernatant is repumped into
.0 lagoon. The harvested wet algae contain 10% of dry weignt. The wet algae can be dried with solar
aergy to form powder (Grant, R, Personal communication).

According to the report of the owmer of the farm, when the green algas are included in the hog
feed, the feed intake increases 20 to 25%; the daily gain of hogs increases by 40% and the feed efficiency
increases from 3.2 1o 2.8. The cost for harvesting ona gaiton of wet green algae (dry weight 10%) is
only USS0.0I-S0.0Z, and most of the cost is for electricity.

A test on using green algae a8 hoq feed was also conducted at the Chang-Hua branch station of
the TLRI. The green algae is cultivated in the open lagoon which is filled with the effluent from the
anaerobic digester. The dried weight of the green algae is only %, Green algae were substituted for
soybean oil meal and corn (2.5% and 10% of algae by dried weight) as feed for hogs from 31 to 90 k.
Statistically, there was no significant difference in weight increase in these hogs in comparison with hogs
fed with soybean oil meal and corn only (Chen, C.T., Personal communication).

B. Cultivation of Blue-green Algae

Spirulina platensis (a kind of blue-green algae) contains about 57.5% protein as analyzed by
TLRI. Tables 4 and 5 show the composition of S. platensis. The effluent fromn the anaerobic digester
is a good nutrient which can be used to cultivate spirulina batter than the chemical fertilizer. The
results of experiments carried out at the Tainan Fish Culture Station of TLRI are shown in Figure 4,
Tables 4 and 5. '

Two lagoon3 installed with RMP shest, 32m by 8 m Ly 0.3 m were used for cultivating S. platensis.
At the beginning, the lagoons were filled with well water to 12 cm in depth, then inoculated with the
suspension of spirulina to 3.4 cm in depth. The effluent from anaerobic digester was slowly conducted
into the lagoon t0 maintain the NHz-N content in the water at 5 ppm, and the pH was kept at 8.5 t0
10.5. For example, if the effluent contains 500 ppm NHa-N, then toa32m x 8 m lagoon with 15¢cm
depth of water (38,400 liters), 384 1 effluents must be added (38,4001 x 5 ppm * 500 ppm) per day.
Besides, the salinity content is aleo a very jmportant factor for cultivating spirulina. According to the
experiment, the spirulina grows better in 20% galinity than 10% salinity or none. The result is shown
in Figure 5.

The growth of the blue-green algae is measured with spectronic 20 (560 mm). Usually it takes
about 2 weeks for the optical density (O.D.) 0 reach 1.0 or above. When the O.D. reaches 10o0r
above, the gpirulina is ready for harvest. A lagoon of 22mx8nx 0.3 m produced 9.7 g (dsy weight)
of blue-green algae in one square mater area per day in summer time, and 7.3 g in winter time. The
experimental result is shown in Table 6. Since this is an open lagoon, water will evaporate and frequent

addition of water is necessary in order to keep the water volume constant.

Since tha blue-green alga is an aerobe, aeration with a one-horsepower engine of 26 rpm was
employed. When aeration Stops, the blue-green-algae suspend on top of the lagoon and can be picked
up with a harvest net. The algae suspension can also be picked up into a big container with a filter
(harvest net) to hold the blue-green algae and allow the water t0 pass through.

The preliminary experiment on the cultivation of blue-green algae with the effluent of anaerobic
digester seems very guccessful. The blue-green algae not only serve as good feed for fish, but can alsobe
consumed by hogs. Several experiments goncerning the cultivation and the utilization of blue-green

algae are still in progress.
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Table 4, The composition of Spiruling platensis* (%)

Item

Sample
Ory Crude Crude Crude Nitrogen Ash HrL Calcium Phos-

matter protein  fat fiber free extract Insuluble phorus

Fermented manure

1042 5744 284 2.21 28,91 7.87 0.73 0.13 0.45
medium

Chemical medium 760 5762 458 3,61 23.00 9.58 1.61 0.05 0.54

* On dry weight basis

Table 5. Amino acig composition of Spirulina platensis

Amino acld 9/100g crude protein
Arginine 4.905
Histidine 1,498
Isoleucine 2.259
Leucine 9.972
Lysine 4,591
Methionine 0.721
Phenylalanine 4.555
Threonine 5.735
Valine 7.586
Cystine Trace

Table 6. The production of Spirulina platensis* jn different media

Production g/day/m2 (dry wt.)

Media
- ‘Summer Winter
Fermanted manure 5 ppm : 9.72 7.30
(NH3-N) 10 ppm 3.85 3.40
Chemicai 9.50 8.45

* The summer temperature is 26.25 (21.7—30.8)°C; whereas the winter temperature is 17,8 (l5—l9.6)°C.
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Fig. 5. The effect of salinity on the growth of Spirulina platensis with fermented hog manure.
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‘PRE-FEASIBILITY STUDY : GROUP I

INTEGRATED CROP-LIVESTOCK-FISH FARMING
WITH CROP AS THE MAJOR ENTERPRISE

INTRODUCTION

The crop-based farming enterprise is intended for a group of 100 farmers with total landholdings
of 100-200 hectares. This project works on the assumption that these farmers utilize low technology
for rice growing and they do not raise fish and own only draft animals and very few head of chicken.
Hence it aims to improve the nutritional status and to increase the average income of these farmers.
Assuming that majority of the farmers in the rural areas are engaged in rice production, these rural
farmers earn only US$580 average income versus US$1,058 for the urban folks.

Based on the availability of water and farmers’ resources, soil condition and capability of the
farmers four patterns are identified, namely: 1) irrigated rice paddv-fish-livestock, 2) rainfed crops-
fishpond-livestock, 3) upland rainfed crops-livestock, and 4) special case.

Inclusion of fish as part of an enterprise is primarily determined by the availability of water
throughout the year. In irrigated rice paddy, fish can be continuously raised, while for rainfed, it may
be rotated with rice. Livestock can easily fit in any of the patterns.

Considering the two general objectives of the project, four criteria in the selection of the most
suitable pattern(s) for the area are set:

1. Technical feasibility

The package of technology should be sound and applicable to the farmers' agro-climutic and
socio-economic setting to prevent resistance in acceptance,

2. Analyses of production measures

To improve further the yisld of rice, species and cultivars, cultural management especially fertilizer
and chemicals, harvesting and storage, by-product utilization for fish and livestock and planting of fruit
trees and/or crops along the side of the fish ponds are considered.

Since fish and livestock will be new introductions, only a small space (e.g., 0.2-0.5 ha) may be
devoted to fish pond with either tilapia or mudfish, The number of livestock such as chicken, ducks,
geese, sows, cattle/carabao and goat will depend on the amount of excreta that will be available for
feeding of the fish in the pond,

3. Marketing situations

Convenient transportation facilities, system of marketing (either cooperative or middleman on
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contract basis), presence of collection center, storage/containes

like radio could be made available to the farmers.

4,

Investment estimates

facilities and market informaton ivive

It is assumed that the farmers can obtain loan and grant from the government in the form of
improvement of roads and provision of water supply.

The investment estim.tes and the additional incomes darived from the jmprovement of the rice
technology,and from the inclusion of fish and livestock are indicated in Table 1.

In this feasibility study, the cmall group of farmers would have a 44% net return from their invest-

ments after a year.
Table 1. Investment per year for individual farms and 100 farms
Items - Grant L.0an
(US$) (US$)
Crop
Seed 30
Fertilizer 200
Chemicals 70
gquipment implement, oump and engine -100 200
Land proparation and harvesting 50
Sub-Total " 100 550
Fish
Fingerling 50
Fishpond (0.5 ha) 150 300
Sub-Total 150 350
Livestock
Feeds (12 ba3s), 1 bag/month consumption 300
Chicken (20 hens) 5
Duckling (40) 13
Geese (100 gooselings) 7
Pig (1 giit) 33
Carabao or cattle 330
She-goats (2) 12
Sub-Total 700
TOTAL PER FARM 250 1,600
Public Facilites (for 100 farmers)
Water supply (well) 2,500
Communication (road) 5,000 )
Sterage, drying (controlled drying shed) 5,000 5,000
TOTAL 12,500 5,000
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Table la. Investment and return per year

Items Per farm 100 farms
Total investments (US$) Grant Loan Grant Loan
Per farm 250 1,600 25,000 160,000
For the group 12,500 5,000
Sub-Total 37,500 165,002
TOTAL 202,500

Additional income due to
the project (US$)

. Crop 150 15,000
Fish 500 50,000
Livestock 250 + 25,000

TOTAL 90,000
90,000/202,500 = 44%*

Total investment x 100

Additional income

* Return rate m

Note: Income from fish may be US$1,000 if production rate of 2,000 kg/ha and a marker price of US$ 1 per
kg a1¢ assumed, .
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PRE-FEASIBILITY STUDY : GROUP I

INTEGRATED CROP-LIVESTOCK-FISH FARMING WITH LIVESTOCK AS
THE MAJOR ENTERPRISE

INTRODUCTION

There was considerable discussion as to exactly how this study should bs approachod ; whether it
should be general or written in spacific detail. It was decided that as the group had little common
knowledge on a specific area, a more generalized approach would be taken. There was general agreement
that the study should be directed at the small family farmer who is in greater need of help than the
larger, already commercially oriented operator. The long term effocts must be considered, for the whole
society as well as for the individual farmer. The system devised should ensure the elevated productivity
of the land in perpetuity with outside inputs carefully regulated. The only inputs in a perfect system
would be sunlight (energy) and water. This approach encourages the nse of recycling systems and
multiple land usa rather than unstable monoculture systems which by their nature require large inputs
from outside the system. The point was made that cooperative ventures such as feed mills, ‘abattoirs
and nurseries may give rise to effluent or by-products which could and should be used in recycling
systems by the cooperating farmers,

Comment was made on the increasing use of insecticides and pesticides and it was noted that
unless this practice is very carefully controlled it could lead to catastrophic imbalances in the ecosystem
and result in such undesirable effects as the destriction of all fish in the fish ponds. There may also bs
serious risks to human health if pesticide residues become incorporated in the food chains, e.g. eggs,.
meat, milk or fish,

There was final agreement that uppermost in the average small farmer’s mind would be self-
sufficiency and only after. that would he be interested in ‘cash cropping’ to earn income to pay for the
so-called business of life.

ASSUMPTIONS
The following assumptions were agreed upon for the purpose of this stuc

Rainfall: 3000 mm per anum with monsoonal distribution

Soil typs: volcanic soils of a clay-loam type

Topography: moderately rolling

Size of farm: 1.5 ha

Availability of labor: 10.5 man-days per 6-day week

Local market situation: village of 5,000 persons

Transport facilities: unsealed feeder road to village which is cut during the monsoonal period
Credit facilities: Rural Bank loans of up to US$600:available at 12% interest with minimum
collateral requirement

PN S AN
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RESULTS OF GROUP STUDY

Members of the group had considerable difficulty in tackling this very complex problem. It was
agreed that computer modelling and partial budget analysis tschniques would be a very appropriate way
of looking for the correct solution in any specific area. This would of course depend upon that model
being based on the correct assumptions and containing accurate specific parameters.

The group produced two reports which are outlined below. The first one follows a very general
approach while the second goes into some detail of an approach which might be taken.

CASE I

Of the total land area
0.9 ha (60% of total) will be used for paddy rice production
0.45 ha (30% of total) will be used for dry land farming
0.15 ha (10% of total) will be used for vegetable garden for family subsistence and include
a fish pond.
1. Paddy Cultivation — 2 crops per year
Production would include:

Rice — for commercial sale

Straw — for animal feed (cattle) and for composting
Bran — for pigs and poultry

2, Dryland
Wet season — grow vegetables for sale, and upland rice
Dty season — grow corn for feeds to animals and for sale.
Corn stems to be used for cattle feed.
3,  Pig Enterprise
Major livestock enterprise
4, Duck Enterprise
Based on pond production ard pigg.ry effluent

5.  Fish Enterprise

Animal effluent used to fertilize pond. Pond would be used as source of water for garden in the
dry season.

Small fish unsuitable for sale could be fed to the pigs. In dry season, silt from the bottom of the
pond would be used as fertilizer for vegetable garden.
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Biogas

Animal manure would be anaerobically fermented for gas production to be used for cooking and
light.

Cattle

Buffalo, which would be used as draught animals, will be used in this system.

CASE Il

Rainfall

Dry: November—December
Wet : June—October

Piggery-tico Farm
Resource Requirement

(a) Land
Rice — 1.5 ha, 1 crop season, wet
Corn — 1.5 (2 crops) — 3.0 ha, dry season
Hogs - 200 m

(b) Labor
Rice — 77 mandays

Corn - 100 mandays
Hogs — 243 mandays

Resource Supply

(a) Labor - 546 mandays/year

(b) Land - 1.5 ha, absolute

(c) Capital — Own capital — # 5,000
Borrowed capital — # 37,500

Farm Privileges

(a) Rice — 167 kg palay

(b) Corn - 17C kg

(c) Pig — 43 kg (1 pig)

Inputs

(a) Hog feeds — 23,300 kg @ 27,000) commercial feeds
23,300 kg (P 7,800) local feeds
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(b) Fertilizer

(d) Hired labor

Rice — 6 bags N — § 720 Rice ~ for plowing P 240
2bagsP - 200 for weeding 120
2 bags K - 180 for harvesting 1,200
0
Corn — 5 bags N - 600 R 156
2bags P - 200
2 bagsK - 180 Corn —for plowing 2 150
— for weeding 100
P 2,080 for harvesting 500
(c) Chemicals R 750
Rice - R 300
Corn — 200
Hogs - 300
R 800
Cutput
Rice — 120 cavans B 7,200
Com- 100 cavans 5,000
Hogs — 80 (80 kg each)-6400 kg 44,800
R 57,000
Financ’al Analysis
Gross Income
HOGS . vvvvvvvonsnnnossnsnons R 44,800
RiCE . c oo vvevvisosssansanonn 7,200
COMM o oo v vnasnnaosnnnoanss 5,000
TOTAL ..ot vevvooroasssoooss R 57,000
Cost of Production
Hogfeeds .......coneomnnvenns B 35,000
Chemicals ......covonoveeserns 800
Hiredlabor ......coovaecoorecs 1,500
Fixed cost (12% of totalcost) . . ... .. 4,450
INterest . .. .. ccovcoraroen oo 4,507
TOtalCOBt .. v oo vvvvraannnsnss 46,257
NETINCOME .....ovnveesaenons 10,743

Benefit/cost ratio: 1.23:1

1US$ =® 7.85
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PRE-FEASIBILITY STUDY : GROUP III

INTEGRATED CROP-LIVESTOCK-FISH WITH FISH AS THE
MAJOR ENTERPRISE

INTRODUCTION

In determining the fish-based tricommodity integrated farming, several factors like production
systems, processes and culture techniques and marketing analysis are considered. The study would
be on a one-hectare farm located in an area with a population typical of rural community. Freshwater
is assumed to be available throughout the year for fishpond operation. Culture methods involved
would be the monoculture and polyculture systems with Nile tilapia and Chinese carps as the predomi-
nating species. Pig pens would be constructed strategically on top of the fishpond. Vegetables such as
Kangkong (Ipomea reptans) and sweet potato ([pomea batatas) would be grown alongside of the dikes
for maximum utilization of available space, for added production inputs and for protection of dikes
against erosion.

Basins or tabs would be used for the fishes and fisi.ing nets would be obtained for seining. Other
standard farm equipment would be bought for garden use such as rake, pork, shovel, etc.

THE FEASIBILITY STUDY

The farm would be near the busy market of the village whers all supplies and materials could be
obtained easily without any constraints to the fish farmer. Since fish is the majo. enterprise, a stand-
by pump of 2 horsepower is assumed to be available for emergency continuous water supply. Ina
monoculture system, the stocking rate of ‘tilapia is 20,000 to 25,000/ha/year with an 80% survival
rate, while carp is 8,000/ha/year with 60% survival rate. For the polyculture system, the stocking rate
of tilapia and carp would be 17,000/ha/year, and 3,000/ha/year or 85% and 15%, respectively. There is
no problem in the combination of these two species since tilapia are omnivorous species while garps
feed mainly on benthic organisms. The depth of water in the fishpond would be maintained at 1.0-1.5
meters.

Pigs pens made of wooden or bamboo floors would occupy 100 m? on top of the pond divided
into four units which are independent of each other. These pens would be sloping towards an outlet
for hog manures and other waste products which would serve as fertilizers for the fish. On the average,
about 5 kg/day/hog or 500 kg/day would be disposed for the 25,000 fish. One kilo of tilapia would
require at least 18 kg of hog manure for growth sustenance, It is assumed that 100 pigs/cropping/year
would be enough for the small-scale farming system. In addition, vegetables would be grown along
the 1.0 m wide dikes to serve as food partly for human consumption and partly for the pigs and fishes.
Disease of the animals and the cultured species is assumed to be minimal so that it is not a problem to
the farmer himself.

Figure 1 presents the flow chart of the various inputs and outputs in an integrated crop-livestock-

fish farming system, At US$ 1.0/m3, fishpond construction will cost around US$ 10,000. Pig stalls
made of bamboo or wood would cost US$ 10,000 at US$ IOO/m2 ina 100 m2 pig pen area (Fig. 2).
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Inputs Agribusiness System Outputs

Stalls/pond Prepn./infras Feed Pig pens ™ Meat "]  Marketable pigs
Labor Veg.
. ] ,
Piglets WDroppmgs
Fingerlings B
Vegetables Fishpond Fish Marketable fish
]

Fig. 1. Flow chart of the production svsiems

50m 50 m
50 m 5m 5m 5
5m Sm
5m 5m
50m
5m 5m 5¢
50 m 50 m

Fig. 2. Design of fishpond and location of pig pens

-~

For operational cost, tilapia fingerlings would be obtained at US$ 15.0/1000 with a total of US$
600 to be incurred for 2 croppings/year. Piglets could be bought at US$ 30.0/head for a total of Uss
6,000 for 2 croppings/year. Vegetables’ cost is assumed to be at US$ 100; hog feeds at US$ 20/pig/day
for 300 days would cost around US$ 6,000. Other operational costs would include medicine and
miscellaneous expenses estimated at US$ 1,000 and labor inputs at US$ 2,400 (US$ 800 man-day/year

1. January - February 50*

2, March —~ April 50* + 50 = 100

3. May — June 100 + 50 - 50** = 100
4. July - August 100 + 50* ~ 50** = 100
5. September — October —do -

6. November - December —do -

* Newly-bought piglets
** Pigs for sale

The probable problems that have been considered are the occurrence of flood, typhoons, pollution
or fish kills from pesticides and diseases,
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Cash Flow (US$)

Year
Inflow 0 1 2 3 4
Loan value 36,100 - - - -
Production value - 30,300 30,300 30,300 30,300
Total 36,100 30,300 30,300 30,300 30,300
Outflow
Infrastructure
Ponds and dikes 10,000 - - - -
Pens 10,000 - - - -
Feeds 6,000 6,000 6,000 6,000 6,000
Stocks
Piglets 6,000 6,000 6,000 6,000 6,000
Fingerlings 600 600 600 600 600
Vegetables 100 - - - -
Labor 2,400 2,400 2,400 2,400 2,400
Medicine and misc. items 1,000 1,000 1,000 1,000 1,000
Loan repayment
Principal - 9,025 9,025 9,025 9,025
Interest - 3,610 2,707 1,805 902
Total 36,100 28,635 27,732 26,830 25,327
Net inflow - 1,665 2568 3,470 4,373
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Estimated Expenses and Returns (US$)

A. Infrastructure

Fishpond construction ~1.0x10,000m?x$1.0 = 10,000 (Human labor)
- = 5,000 (Machinery)
Pig stails $100 x 100 m2 = 10,000

TOTAL CAPITAL COST  $ 20,000/15,000

B. Annual Operation

Cost of piglets — $30 x 100 heads x 2 croppings/yr. = 6,000
Cost of fingerlings ~$15/1000x 20 x 2 = 600
Cost of vegetables - = 100
Cost of hog feed ~ $ 20/hog x 300 days = 6,000
Medicine + misc, items - = 1,000
Cost of labor — $800 man-day/yr. x $3.0/man-day = 2,400
TOTAL OPLRATING COST $16,100

C. Sale of Pigs — $1.2/kg x 90 kg x 200 heads x 0.95 = 21,168
Sale of fish ~$1.0x0.3kgx20,000x0.90x2 = 10,800
GROSS INCOME $ 31,968

D. Net Profit $ 868
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